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DESCRIPTION 

ENZYMATIC NUCLEIC ACID TREATMENT OF DISEASES OR CONDITIONS RELATED 

TO HEPATITIS C VIRUS INFECTION 

This patent application is a continuation-in-part of Blatt et al., USSN 09/504,231, filed 
5 February 15, 2000, which is a continuation-in-part of Blatt et al., USSN 09/274,553, filed 
March 22, 1999 and Blatt et al, USSN 09/257,608, filed February 24, 1999, which both claim 
the benefit of Blatt et al., USSN 60/100,842, filed September 18, 1998, and McSwiggen et al., 
USSN 60/083,217 filed April 27, 1998, all of these earlier applications are entitled 
"ENZYMATIC NUCLEIC ACID TREATMENT OF DISEASES OR CONDITIONS 
10 RELATED TO HEPATITIS C VIRUS INFECTION". Each of these applications are hereby 
incorporated by reference herein in their entirety including the drawings. 

Background Of The Invention 

This invention relates to methods and reagents for the treatment of diseases or 
conditions relating to the hepatitis C virus (HCV) infection. 

1 5 The following is a discussion of relevant art, none of which is admitted to be prior art 

to the present invention. 

In 1989, the HCV was determined to be an RNA virus .and was identified as the 
causative agent of most non-A non-B viral Hepatitis (Choo et al., Science^ 19S9; 244:359-362). 
Unlike retroviruses such as HTV, HCV does not go though a DNA replication phase and no 

20 integrated forms of the viral genome into the host chromosome have been detected (Houghton 
et aL Hepatology 1991;14:381-388). Rather, replication of the coding (plus) strand is 
mediated by the production of a replicative (minus) strand leading to the generation of several 
copies of plus strand HCV RNA. The genome consists of a single, large, open-reading frame 
that is translated into a polyprotein (Kato et al, FEES Letters, 1991; 280: 325-328). This 

25 polyprotein subsequently undergoes post-translational cleavage, producing several viral 
proteins (Leinbach et al. Virology. 1994: 204:163-169). 

Examination of the 9.5-kilobase genome of HCV has demonstrated that the viral 
nucleic acid can mutate at a high rate (Smith et al, Mol Evol 1997 45:238-246). This rate of 
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mutation has led to the evolution of several distinct genotypes of HCV that share approximately 
70% sequence identity (Simmonds et aL, J, Gen, Virol 1994; 75 : 1053-1061). It is important 
to note that these sequences are evolutionarily quite distant. For example, the genetic identity 
between humans and primates such as the chimpanzee is approximately 98%. In addition, it 
5 has been demonstrated that an HCV infection in an individual patient is composed of several 
distinct and evolving quasi-species that have 98% identity at the RNA level. Thus, the HCV 
genome is hypervariable and continuously changing. Although the HCV genome is 
hypervariable, there are 3 regions of the genome that are highly conserved. These conserved 
sequences occur in the 5' and 3' non-coding regions as well as the 5 '-end of the core protein 

1 0 coding region and are thought to be vital for HCV RNA replication as well as translation of the 
HCV polyprotein. Thus, therapeutic agents that target these conserved HCV genomic regions 
may have a significant impact over a wide range of HCV genotypes. Moreover, it is unlikely 
that drug resistance will occur with ribozymes specific to conserved regions of the HCV 
genome. In contrast, therapeutic modalities that target inhibition of enzymes such as the viral 

1 5 proteases or helicase are likely to result in the selection for drug resistant strains since the RNA 
for these viral encoded enzymes is located in the hypervariable portion of the HCV genome. 

After initial exposure to HCV, the patient will experience a transient rise in liver 
enzymes, which indicates that inflammatory processes are occurring (Alter et al, 2^: Seeff 
LB, Lewis JH, eds. Current Perspectives in Hepatology. New York: Plenum Medical Book 

20 Co; 1989:83-89). This elevation in liver enzymes will occur at least 4 weeks after the initial 

exposure and may last for up to two months .(Farci-,e^ ai. New, England JournaLof. Medicine..., „ 

-r- ' I991:325:98-l64). Prior to the rise in liver enz^ones, it is possible to.d^^^^ 

patient's serum using RT-PCR analysis (Takahashi et al, American Journal of 
Gastroenterology, 1993:88:2:240-243). This stage of the disease is called the acute stage and 

25 usually goes undetected since 75% of patients with acute viral hepatitis from HCV infection are 
asymptomatic. The remaining 25% of these patients develop jaimdice or other symptoms of 
hepatitis. 

Acute HCV infection is a benign disease, however, and as many as 80% of acute HCV 
patients progress to chronic liver disease as evidenced by persistent elevation of serum alanine 
30 aminotransferase (ALT) levels and by continual presence of circulating HCV RNA (Sherlock, 
Lancet 1992; 339:802). The natural progression of chronic HCV infection over a 10 to 20 year 
period leads to cirrhosis in 20 to 50% of patients (Davis et ai, Infectious Agents and Disease 
1993;2:150:154) and progression of HCV infection to hepatocellular carcinoma has been well 



CIP 247/282 



documented (Liang et al, Hepatology. 1993; 18:1326-1333; Tong et al. Western Journal of 
Medicine, 1994; Vol 160, No. 2: 133-138). There have been no studies that have determined 
sub-populations that are most likely to progress to cirrhosis and/or hepatocellular carcinoma, 
thus all patients have an equal risk of progression. 

5 It is important to note that the survival for patients diagnosed with hepatocellular 

carcinoma is only 0.9 to 12.8 months from initial diagnosis (Takahashi et aL, American Journal 
of Gastroenterology, 1993:188:2:240-243). Treatment of hepatocellular carcinoma with 
chemotherapeutic agents has not proven effective and only 10% of patients will benefit from 
surgery due to extensive tumor invasion of the liver (Trinchet et al, Presse Medicine, 
10 1994:23:831-833). Given the aggressive nature of primary hepatocellular carcinoma, the only 
viable treatment alternative to surgery is liver transplantation (Pichlmayr et al, Hepatology, 
1994:20:33S-40S). 

Upon progression to cirrhosis, patients with chronic HCV infection present with 
clinical features, which are common to clinical cirrhosis regardless of the initial cause 
1 5 (D'Amico et al„ Digestive Diseases and Sciences, 1986;3 1:5: 468-475). These clinical features 
may include: bleeding esophageal varices, ascites, jaundice, and encephalopathy (Zakim D, 
Boyer TD. Hepatology a textbook of liver disease. Second Edition Volume 1. 1990 W.B. 
Saunders Company. Philadelphia). In the early stages of cirrhosis, patients are classified as 
compensated meaning that although liver tissue damage has occurred, the patient's liver is still 

, 2D. ableJo.detoxifjLmetaM _Injdditipn, n^^^ 

. j.J:^':^,^ z ..-i: . - -liver disease are lasjTiiptomatic and; the; mmority with/^ ?eportv only-j^minoPsyii3pt6ms>:,.^ 

■ - 1 - _ such as dyspepsia and weakness. In the later stages of cirrhosis, patients are classified as 
decompensated meaning that their ability to detoxify metabolites in the bloodstream is 
diminished and it is at this stage that the clinical features described above will present. 

25 In 1986, D'Amico et al described the clinical manifestations and survival rates in 1 155 

patients with both alcoholic and viral associated cirrhosis (D'Amico supra). Of the 1155 
patients, 435 (37%) had compensated disease although 70% were asymptomatic at the 
beginning of the study. The remaining 720 patients (63%) had decompensated liver disease 
with 78% presenting with a history of ascites, 31% with jaundice, 17% had bleeding and 16% 

30 had encephalopathy. Hepatocellular carcinoma was observed in six (.5%) patients with 
compensated disease and in 30 (2.6%) patients with decompensated disease. 
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Over the course of six years, the patients with compensated cirrhosis developed cUnical 
features of decompensated disease at a rate of 10% per year. In most cases, ascites was the first 
presentation of decompensation. In addition, hepatocellular carcinoma developed in 59 
patients who initially presented with compensated disease by the end of the six-year study. 

With respect to survival, the D'Amico study indicated that the five-year survival rate 
for all patients on the study was only 40%. The six-year survival rate for the patients who 
initially had compensated cirrhosis was 54% while the six-year survival rate for patients who 
initially presented with decompensated disease was only 21%. There were no significant 
differences in the survival rates between the patients who had alcoholic cirrhosis and the 
patients with viral related cirrhosis. The major causes of death for the patients in the D'Amico 
study were liver failure in 49%; hepatocellular carcinoma in 22%; and, bleeding in 13% 
(D'Amico 

Chronic Hepatitis C is a slowly progressing inflammatory disease of the liver, mediated 
by a virus (HCV) that can lead to cirrhosis, liver failure and/or hepatocellular carcinoma over a 
period of 10 to 20 years. In the US, it is estimated that infection with HCV accounts for 50,000 
new cases of acute hepatitis in the United States each year (NIH Consensus Development 
Conference Statement on Management of Hepatitis C March 1997). The prevalence of HCV in 
the United States is estimated at 1.8% and the CDC places the number of chronically infected 
Americans at approximately 4.5 million people. The CDC also estimates that up to 10,000 
deaths per year are caused by chronic HCV infection. The prevalence of HCV 
States is estmated at 1.8%_and M CDC.plap^^^M 

at approximately 4.5 million people. The CDC also estimates tiiat up.to 10,000. deaths per year 
are caused by chronic HCV infection. 

Numerous well controlled clinical trials using interferon (IFN-alpha) in the treatment of 
chronic HCV infection have demonstrated that treatment three times a week results in lowering 
of serum ALT values in approximately 50% (range 40% to 70%) of patients by the end of 6 
months of therapy (Davis et aL New England Journal of Medicine 1989; 321:1501-1506; 
Marcellin fl/., Hepatology. 1991; 13:393-397; Tong e/ a/., Hepatology 1997:26:747-754; 
Tong et aL, Hepatology 1997 26(6): 1640-1645). However, following cessation of interferon 
treatment, approximately 50% of the responding patients relapsed, resulting in a "durable" 
response rate as assessed by normalization of serum ALT concentrations of approximately 20 
to 25%. 
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In recent years, direct measurement of the HCV RNA has become possible through use 
of either the branched-DNA or Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) 
analysis. In general, the RT-PCR methodology is more sensitive and leads to more accurate 
assessment of the clinical course (Tong et al, supra). Studies that have examined six months 
of type 1 interferon therapy using changes in HCV RNA values as a clinical endpoint have 
demonstrated that up to 35% of patients will have a loss of HCV RNA by the end of therapy 
(Marcellin et al, supra). However, as with the ALT endpoint, about 50% of the patients 
relapse six months following cessation of therapy resulting in a durable virologic response of 
only 12% (Marcellin et aL supra). Studies that have examined 48 weeks of therapy have 
demonstrated that the sustained virological response is up to 25% (NIH consensus statement: 
1997). Thus, standard of care for treatment of chronic HCV infection with type 1 interferon is 
now 48 weeks of therapy using changes in HCV RNA concentrations as the primary assessment 
of efficacy (Hoofhagle et al, New England Journal of Medicine 1997; 336(5) 347-356). 

Side effects resulting from treatment with type 1 interferons can be divided into four 
general categories, which include 1. Influenza-like symptoms; 2. Neuropsychiatric; 3. 
Laboratory abnormalities; and, 4. Miscellaneous (Dusheiko et al, Journal of Viral Hepatitis^ 
1994:1:3-5). Examples of influenza-like symptoms include: fatigue, fever; myalgia; malaise; 
appetite loss; tachycardia; rigors; headache and arthralgias. The influenza-like symptoms are 
usually short-lived and tend to abate after the first four weeks of dosing (Dushieko et ai, 
supra), Neuropsychiatric side effects include: irritability, apathy; mood changes; insomnia; 
cognitive changes and depression. The most important of^these neuropsyjchiatric^side^effe^^ 
depression and patients wholiave abistoiy:bf^depi^ion^slSffl 

Laboratory abnormalities include; reduction in myeloid^^c platelets 
and to a lesser extent red blood cells. These changes in blood cell counts rarely lead to any 
significant clinical sequellae (Dushieko et al, supra). Ii^ addition, increases in triglyceride 
concentrations and elevations in serum alanine and aspartate aminotransferase concentration 
have been observed. Finally, thyroid abnormalities have been reported. These thyroid 
abnormalities are usually reversible after cessation of interferon therapy and can be controlled 
with appropriate medication while on therapy. Miscellaneous side effects include nausea; 
diarrhea; abdominal and back pain; pruritus; alopecia; and rhinorrhea. In general, most side 
effects will abate after 4 to 8 weeks of therapy (Dushieko et al, supra). 

Welch et al, Gene Therapy 1996 3(11): 994-1001 describe in vitro an in vivo studies 
with two vector expressed hairpin ribozymes targeted against hepatitis C virus. 
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Sakamoto et al, 1 Clinical Investigation 1996 98(12): lllQ-lllZ describe intracellular 
cleavage of hepatitis C virus RNA and inhibition of viral protein translation by certain vector 
expressed hammerhead ribozymes. . 

Lieber et al, J. Virology 1996 70(12): 8782-8791 describe elimination of hepatitis G 
5 virus RNA in infected human hepatocytes by adenovirus-mediated expression of certain 
hammerhead ribozymes. 

Ohkawa et ai, 1997, J. Hepatology, 27; 78-84, describe in vitro cleavage of HCV RNA 
and inhibition of viral protein translation using certain in vitro transcribed hammerhead 
ribozymes. 

1 0 Barber et al. International PCT Publication No. WO 97/32018, describe the use of an 

adenovirus vector to express certain anti-hepatitis C virus hairpin ribozymes. 

Kay et ai, International PCT Publication No. WO 96/18419, describe certain 
recombinant adenovirus vectors to express anti-HCV hammerhead ribozyme. 

Yamada et aL, Japanese Patent Application No. JP 07231784 describe a specific poly- 
1 5 (L)-lysine conjugated hammerhead ribozyme targeted against HCV. 

Draper, U.S. Patent Nos. 5,610,054 and 5,869,253, describe enzymatic nucleic acid 
niplec^ules capable^^^ 
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SUMMARY OF THE INVENTION 

This invention relates to ribozymes, or enzymatic nucleic acid molecules, directed to 
cleave RNA species of hepatitis C virus (HCV) and/or encoded by the HCV. In particular, 
applicant describes the selection and function of ribozymes capable of specifically cleaving 
5 HCV RNA. Such ribozymes may be used to treat diseases associated with HCV infection. 

Due to the high sequence variability of the HCV genome, selection of ribozymes for 
broad therapeutic applications would likely involve the conserved regions of the HCV genome. 
Specifically, the present invention describes hammerhead ribozymes that would cleave in the 
conserved regions of the HCV genome. A list of the thirty hammerhead ribozymes derived 

10 from the conserved regions (5'- Non Coding Region (NCR), 5'- end of core protein coding 
region, and 3'- NCR) of the HCV genome is shown in Table IV. In general, Applicant has 
found that enzymatic nucleic acid molecules that cleave sites located in the 5' end of the HCV 
genome would block translation while ribozymes that cleave sites located in the 3' end of the 
genome would block RNA replication. Approximately 50 HCV isolates have been identified 

1 5 and a sequence alignment of these isolates from genotypes la, lb, , 2a, 2b, 2c, 3a, 3b, 4a, 5a, 
and 6 was performed. These alignments were used by the Applicant to identify 30 
hammerhead ribozymes sites within regions highly conserved between genotypes. Twenty- 
three ribozyme sites were identified in regions of greatest homology within the conserved 
region. Therefore, one ribozyme can be designed to cleave all the different isolates of HCV. 

20 According to^the Applicant, ^ribozymes designed against conserved regions of various HCV 

"~ isolates will enable efficient inhibition • of JIGV- replicatipn in;4iyerse .patient .populations - 
may ensure the effectiveness of the ribozymes against HCV quasi species which evolve due to 
mutations in the non-conserved regions of the HCV genome. 

In another preferred embodiment, the invention features the use of an enzymatic 
25 nucleic acid molecule, preferably in the hammerhead, NCH motif (Inozyme), G-cleaver, 
amberzyme, zinzyme and/or DNAzyme motif, to inhibit the expression of HCV RNA. 

In yet another preferred embodiment, the invention features the use of an enzymatic 
nucleic acid molecule, preferably in the hammerhead, Inozyme, G-cJeaver, amberzyme, 
zinzyme and/or DNAzyme motif, to inhibit the expression of HCV minus strand RNA. 
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By "inhibit" it is meant that the activity of HCV or level of RNAs or equivalent RNAs 
encoding one or more protein subunits of HCV is reduced below that observed in the absence 
of the nucleic acid molecules of the invention. In one embodiment, inhibition with enzymatic 
nucleic acid molecule preferably is below that level observed in the presence of an 
5 enzymatically inactive or attenuated molecule that is able to bind to the same site on the target 
RNA, but is unable to cleave that RNA. In another embodiment, inhibition of HCV genes with 
the nucleic acid molecule of the instant invention is greater than in the presence of the nucleic 
acid molecule than in its absence. 

By "enzymatic nucleic acid molecule" it is meant a nucleic acid molecule which has 

10 , complementarity in a substrate binding region to a specified gene target, and also has an 
enzymatic activity which is active to specifically cleave target RNA, That is, the enzymatic 
nucleic acid molecule is able to intermolecularly cleave RNA and thereby inactivate a target 
RNA molecule. These complementary regions allow sufficient hybridization of the enzymatic 
nucleic acid molecule to the target RNA and thus permit cleavage. One hundred percent 

1 5 complementarity is preferred, but complementarity as low as 50-75% may also be useful in this 
invention. The nucleic acids may be modified at the base, sugar, and/or phosphate groups. The 
term enzymatic nucleic acid is used interchangeably with phrases such as ribozymes, catalytic 
RNA, enzymatic RNA, catalytic DNA, aptazyme or aptamer-binding ribozyme, regulatable 
ribozyme, catalytic oligonucleotides, nucleozyme, DNAzyme, RNA enzyme, endoribonuclease, 

20 endonuclease, minizyme, leadzyme, oligozyme or DNA enzyme. All of these terminologies 

- describe -nucleic acid molecules with enzymatic activity.- The. specific. enzymatic-nucleic. acid ^ 

- . molecules' desciib^d4txi;hc^^^^^ those skilled-in- - - 

the art will recognize that all that is important in an enzymatic nucleic acid molecule of this 
invention is that it have a specific substrate binding site which is complementary to one or more 

25 of the target nucleic acid regions, and that it have nucleotide sequences within or surrounding 
that substrate binding site which impart a nucleic acid cleaving activity to the molecule (Cech 
et aU U.S. Patent No. 4,987,071; Cech et aU 1988, JAMA), 

By "nucleic acid molecule" as used herein is meant a molecule having nucleotides. The 
nucleic acid can be single, double, or multiple stranded and may comprise modified or 
30 unmodified nucleotides or non-nucleotides or various mixtures and combinations thereof. 

By "enzymatic portion" or "catalytic domain" is meant that portion/region of the 
ribozyme essential for cleavage of a nucleic acid substrate (for example, see Figure 1). 
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By "substrate binding arm" or "substrate binding domain" is meant that portion/region 
of a ribozyme which is complementary to (z.e., able to base-pair with) a portion of its substrate. 
Generally, such complementarity is 100%, but can be less if desired. For example, as few as 10 
bases out of 14 may be base-paired. Such arms are shown generally in Figure 1 and 3. That is, 
5 these arms contain sequences within a ribozyme which are intended to bring ribozyme and 
target RNA together through complementary base-pairing interactions. The ribozyme of the 
invention may have binding arms that are contiguous or non-contiguous and may be of varying 
lengths. The length of the binding arm(s) are preferably greater than or equal to four 
nucleotides; specifically 12-100 nucleotides; more specifically 14-24 nucleotides long. If two 
1 0 binding arms are chosen, the design is such that the length of the binding arms are symmetrical 
(/.e., each of the binding arms is of the same length; e.g,, five and five nucleotides, six and six 
nucleotides or seven and seven nucleotides long) or asymmetrical (i.e., the binding arms are of 
different length; e.g., six and three nucleotides; three and six nucleotides long; four and five 
nucleotides long; four and six nucleotides long; four and seven nucleotides long; and the like). 

15 By "Inozyme" motif is meant, an enzymatic nucleic acid molecule comprising a motif 

as described in Ludvidg et al, USSN No. 09/406,643, filed September 27, 1999, entitled 
"COMPOSITIONS HAVING RNA CLEAVING ACnVlTY", and International PCT 
publication Nos. WO 98/58058 and WO 98/58057, all incorporated by reference herein in their 
entirety including the drawings. 

20 By "G-cleaver" comprising a motif 

as described in -Eckstein ^ef-^ 

by reference herein in its entirety including the drawings. r. : .: 

By "zinzyme" motif is meant, a class n enzymatic nucleic acid molecule comprising a 
motif as described in Beigelman et al, International PCT publication No. WO 99/55857, 
25 incorporated by reference herein in its entirety including the drawings. 

By "amberzyme" motif is meant, a class I enzymatic nucleic acid molecule comprising 
a motif as described in Beigelman et al. International PCT publication No. WO 99/55857, 
incorporated by reference herein in its entirety including the drawings. 

By 'DNAzyme' is meant, an enzymatic nucleic acid molecule that does not require the 
30 presence of a 2'-0H group for its activity. In particular embodiments, the enzymatic nucleic 
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acid molecule may have an attached linker(s) or other attached or associated groups, moieties, 
or chains containing one or more nucleotides with 2'-0H groups. 

By "sufficient length" is meant an oligonucleotide of greater than or equal to 3 
nucleotides that is of a length great enough to provide the intended function under the expected 
5 condition. For example, for binding arms of enzymatic nucleic acid "sufficient length" means 
that the binding arm sequence is long enough to provide stable binding to a target site under the 
expected binding conditions. Preferably, the binding arms are not so long as to prevent useful 
turnover. 

By "stably interact" is meant, interaction of the oligonucleotides with target nucleic 
10 acid (e.g., by forming hydrogen bonds with complementary nucleotides in the target under 
physiological conditions). 

By "equivalent" RNA to HCV is meant to include those naturally occurring RNA 
molecules associated with HCV infection in various animals, including human, rodent, primate, 
rabbit and pig. The equivalent RNA sequence also includes in addition to the coding region, 
1 5 regions such as 5 '-untranslated region, 3 '-untranslated region, introns, intron-exon junction and 
the like. 

By "homology" is meant the nucleotide sequence of two or more nucleic acid 
molecules is partially or completely identical. 

20 molecule is fonried in a hammerhead or hairpin motif, but may also be formed in the motif of a " 
hepatitis d virus, group I intron, group n intron or RNaseP RNA (in association with an RNA 
guide sequence) or Neurospora VS RNA. Examples of suclse hammerhead motifs are described 
by Dreyfus, supra, Rossi et al^ 1992, AIDS Research and Human Retroviruses 8, 183; Hairpin 
motifs are described by Hampel et aL, EP0360257, Hampel and Tritz, 1989 Biochemistry 28, 

25 4929, Feldstein et al, 1989, Gene 82, 53, Haseloff and Gerlach, 1989, Gene, 82, 43, and 
Hampel et al., 1990 Nucleic Acids Res. 18, 299; The hepatitis d virus motif is described by 
Perrotta and Been, 1992 Biochemistry 31, 16; The RNaseP motif is described by Guerrier- 
Takada et al, 1983 Cell 35, 849; Forster and Altman, 1990, Science 249, 783; Li and Altman, 
1996, Nucleic Acids Res, 24, 835; Neurospora VS RNA ribozyme motif is described by Collins 

30 (Saville and Collins, 1990 Cell 61, 685-696; Saville and Collins, 1991 Proc. Natl Acad. Sci. 
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USA 88, 8826-8830; Collins and Olive, 1993 Biochemistry 32, 2795-2799; Guo and Collins, 
1995, EMBO. y. 14, 363); Group n introns are described by Griffin et a/., 1995, Chem. Biol 2, 
761; Michels and Pyle, 1995, Biochemistry 34, 2965; Pyle et al, Intemational PCT Publication 
No. WO 96/22689; The Group I intron is described by Cech et al, U.S. Patent 4,987,071; and 
5 the DNAzyme motif is described by Chartrand et al, 1995, Nucleic Acids Research 23, 4092; 
Santoro et a/., 1997, PNAS 94, 4262. These specific motifs are not limiting in the invention 
and those skilled in the art will recognize that all that is important in an enzymatic nucleic acid 
molecule of this invention is that it has a specific substrate binding site which is 
complementary to one or more of the target gene RNA regions, and that it have nucleotide 
1 0 sequences within or surrounding that substrate binding site which impart an RNA cleaving 
activity to the molecule. 

By "complementarity" is meant that a nucleic acid can form hydrogen bond(s) with 
another RNA sequence by either traditional Watson-Crick or other non-traditional types. In 
reference to the nucleic molecules of the present invention, the binding free energy for a 

1 5 nucleic acid molecule with its target or complementary sequence is sufficient to allow the 
relevant function of the nucleic acid to proceed, e.g., ribozyme cleavage, antisense or triple 
helix inhibition. Determination of binding free energies for nucleic acid molecules is well 
known in the art (see, e.g., Turner et al., 1987, CSHSymp. Quant. Biol I//pp.l23-133; Frier et 
al, 1986, Proc, Nat Acad, Set USA 83:9373-9377; Turner et al., 1987, J, Am, Chem. Soc. 

20 109:3783-3785). A percent complementarity indicates the percentage of contiguous residues in 
: : : - - - - a uucleic acid molccule which can fonrrhydrogen bonds (e.g.-, Watson-Crick base-pairing) with 

90%, and 100% complementary). "Perfectly complementary" means that all Sle contiguous 
residues of a nucleic acid sequence will hydrogen bond with the same number of contiguous 
25 residues in a second nucleic acid sequence. 

In a preferred embodiment, the invention provides a method for producing a class of 
enzymatic cleaving agents which exhibit a high degree of specificity for the RNA of a desired 
target. The enzymatic nucleic acid molecule is preferably targeted to a highly conserved 
sequence region of a target mRNAs encoding HCV proteins such that specific treatment of a 
30 disease or condition can be provided with either one or several enzymatic nucleic acids. Such 
enzymatic nucleic acid molecules can be dehvered exogenously to specific cells as required. 
Alternatively, the ribozymes can be expressed from DNA/RNA vectors that are delivered to 
specific cells. 
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By "highly conserved sequence region" is meant, a; nucleotide sequence of one or more 
regions in a target gene does not vary significantly from one generation to the other or from one 
biological system to the other. 

Such ribozymes are usefril for the prevention of the diseases and conditions discussed 
5 above, and any other diseases or conditions that are related to the levels of HCV activity in a 
cell or tissue. 

By "related" is meant that the inhibition of HCV RNAs and thus reduction in the level 
respective viral activity will relieve to some extent the symptoms of the disease or condition. 

In preferred embodiments, the ribozymes have binding arms which are complementary 
10 to the target sequences in Tables IV-Vin and X. Examples of such ribozymes are also shown 
in Tables IV-X. Examples of such ribozymes consist essentially of sequences defined in these 
tables. Other sequences may be present which do not interfere with such cleavage. 

By "consists essentially of is meant that the active ribozyme contains an enzymatic 
center or core equivalent to those in the examples, and binding arms able to bind mRNA such 
1 5 that cleavage at the target site occurs. Other sequences may be present which do not interfere 
with such cleavage. Thus, a core region may, for example, include one or more loop or stem- 
loop structures, which do not prevent enzymatic activity. "X" in the sequences in Tables V- 
Vin can be such a loop. A core sequence for a hammerhead ribozyme can be CUGAUGAG X 
"CGAA^wKere X-GCCGXJUAGGC ofothe^^^ H repon Imovm^^^ 

20 Thus, in a first aspect, the invention features ribozymes that inhibit gene expression 

and/or viral replication. These chemically or enzymatically synthesized RNA molecules 
contain substrate binding domains that bind to accessible regions of their target mRNAs. The 
RNA molecules also contain domains that catalyze the cleavage of RNA. The RNA molecules 
are preferably ribozymes of the hammerhead or hairpin motif Upon binding, the ribozymes 

25 cleave the target mRNAs, preventing translation and protein accumulation. In the absence of 
the expression of the target gene, HCV gene expression and/or replication is inhibited. 

In a preferred embodiment, ribozymes are added directly, or can be complexed with 
cationic lipids, packaged within liposomes, or otherwise delivered to target cells. The nucleic 
acid or nucleic acid complexes can be locally administered to relevant tissues ex vivo, or in vivo 
30 through injection, infusion pump or stent, with or without their incorporation in biopolymers. 
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In another preferred embodiment, the ribozyme is administered to the site of HCV activity 
(e.g., hepatocytes) in an appropriate liposomal vehicle. 

In another aspect of the invention, ribozymes that cleave target molecules and inhibit 
HCV activity are expressed from transcription units inserted into DNA or RNA vectors. The . 
5 recombinant vectors are preferably DNA plasmids or viral vectors. Ribozyme expressing viral 
vectors could be constructed based on, but not limited to, adeno-associated virus, retrovirus, 
adenovirus, or alphavirus. Preferably, the recombinant vectors capable of expressing the 
ribozymes are delivered as described above, and persist in target cells. Alternatively, viral 
vectors may be used that provide for transient expression of ribozymes. Such vectors might be 

1 0 repeatedly administered as necessary. Once expressed, the ribozymes cleave the target mRNA. 
Delivery of ribozyme expressing vectors could be systemic, such as by intravenous or 
intramuscular administration, by administration to target cells ex-planted from the patient 
followed by reintroduction into the patient, or by any other means that would allow for 
introduction into the desired target cell (for a review see Couture and Stinchcomb, 1996, TIG,, 

15 12, 5 10). In another aspect of the invention, ribozymes that cleave target molecules and inhibit 
viral repUcation are expressed from transcription units inserted into DNA, RNA, or viral 
vectors. Preferably, the recombinant vectors capable of expressing the ribozymes are locally 
delivered as described above, and transiently persist in smooth muscle cells. However, other 
mammalian cell vectors that direct the expression of RNA may be used for this purpose. 

20 , By "patie nt" is m eant an organism which js a donor or recipient of explanted cells or the 

„ - cells, themselves, "Patient" also refers. tp jm orgahism 

. r : \ molecules can be administered. Preferably, a patient is a mammal or mammalian cells. More 

preferably, a patient is a human or human cells. 

As used herein "cell" is used in its usual biological sense, and does not refer to an 
25 entire multicellular organism, e.g., specifically does not refer to a human. The cell may be 
present in an organism which may be a human but is preferably a non-human multicellular 
organism, e.g., birds, plants and mammals such as cows, sheep, apes, monkeys, swine, dogs, 
and cats. The cell may be prokaryotic (e.g. bacterial cell) or eukaryotic (e.g., mammalian or 
plant cell). 
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By RNA is meant a molecule comprising at least one ribonucleotide residue. By 
"ribonucleotide" is meant a nucleotide with a hydroxyl group at the 2' position (eg; 2' -OH) of a 
P-D-ribo-furanose moiety. 

By "vectors" is meant any nucleic acid- and/or viral-based technique used to deliver a 
5 desired nucleic acid. 

These ribozymes, individually, or in combination or in conjunction with other drugs, can 
be used to treat diseases or conditions discussed above. For example, to treat a disease or 
condition associated with HCV levels, the patient may be treated, or other appropriate cells 
may be treated, as is evident to those skilled in the art. 

10 In a further embodiment, the described molecules can be used in combination with 

other known treatments to treat conditions or diseases discussed above. For example, the 
described molecules could be used in combination with one or more known therapeutic agents 
to treat liver failure, hepatocellular carcinoma, cirrhosis, and/or other disease states associated 
with HCV infection. Additional known therapeutic agents are those comprising antivirals, 

1 5 interferon, and/or antisense compounds. 

By "comprising" is meant including, but not limited to, whatever follows the word 
"comprising". Thus, use of the term "comprising" indicates that the listed elements are 
required or mandatory, but that other elements are optional and may or may not be present. By 
"consisting of is meant including, and limited to, whatever foilows"ffie p^ 

20 Thus, the phrase "consisting of indicates 'that the listed elements are required or mandatory, 
and that no other elements may be present. By "consisting essentially of* is meant including 
any elements listed after the phrase, and limited to other elements that do not interfere with or 
contribute to the activity or action specified in the disclosure for the listed elements. Thus, the 
phrase "consisting essentially of indicates that the listed elements are required or mandatory, 

25 but that other elements are optional and may or may not be present depending upon whether or 
not they affect the activity or action of the listed elements. 

Other features and advantages of the invention will be apparent from the following 
description of the preferred embodiments thereof, and from the claims. 
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Description Of The Preferred Embodiments 
The drawings will first briefly be described. 
Drawings: 

Figure 1 shows the secondary structure model for seven different classes of enzymatic 

5 nucleic acid molecules. Arrow indicates the site of cleavage. indicate the target 

sequence. Lines interspersed with dots are meant to indicate tertiary interactions. - is meant to 
indicate base-paired interaction. Group I Intron: P1-P9.0 represent various stem-loop 
structures (Cech et al, 1994, Nature Strua Bio,, 1, 273). RNase P (MIRNA): EGS represents 
external guide sequence (Forster et al, 1990, Science, 249, 783; Pace et al, 1990, J, Biol 

10 Chem,, 265, 3587). Group n Intron: 5'SS means 5' splice site; 3'SS means 3'-splice site; DBS 
means intron binding site; EES means exon binding site (Pyle et al, 1994, Biochemistry, 33, 
2716). VS UNA: I-VI are meant to indicate six stem-loop structures; shaded regions are meant 
to indicate tertiary interaction (Collins, International PCT Publication No. WO 96/19577). 
HDV Ribozyme: : I-IV are meant to indicate four stem-loop structures (Been et al, US Patent 

15 No. 5,625,047). Hammerhead Ribozyme: : I-m are meant to indicate three stem-loop 
structures; stems I-III can be of any length and may be symmetrical or asymmetrical (Usman et 
al, 1996, Curr, Op, Struct, Bio,, 1, 527), Hairpin Ribozyme: Helix 1, 4 and 5 can be of any 
length; Helix 2 is between 3 and 8 base-pairs long; Y is a pyrimidine; Helix 2 (H2) is provided 
with a least 4 base pairs (f.e., n is 1, 2, 3 or 4) md helix _5 can be optionally provided of length 

20 2 or more bases (preferably 3 - 20 ba^es,;f^., : misTj&iom L.^^^^ 5 - „ 

maybe covalently linked by one or more bases (f.e./"r is 1 base). Helix I, 4 or 5 may also be 
extended by 2 or more base pairs (e.g., 4-20 base pairs) to stabilize the ribozyme structure, and 
preferably is a protein binding site. In each instance, eafih N and IST independently is any 
normal or modified base and each dash represents a potential base-pairing interaction. These 

25 nucleotides may be modified at the sugar, base or phosphate. Complete base-pairing is not 
required in the helices, but is preferred. Helix 1 and 4 can be of any size (/.e., o and p is each 
independently from 0 to any number, e.g., 20) as long as some base-pairing is maintained. 
Essential bases are shown as specific bases in the structure, but those in the art will recognize 
that one or more may be modified chemically (abasic, base, sugar and/or phosphate 

30 modifications) or replaced with another base without significant effect. Helix 4 can be formed 
from two separate molecules, /.e., without a connecting loop. The connecting loop when 
present may be a ribonucleotide with or without modifications to its base, sugar or phosphate. 
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"q" is >2 bases. The connecting loop can also be replaced with a non-nucleotide linker 

molecule. H refers to bases A, U, or C. Y refers to pyrimidine bases. " " refers to a 

covalent bond. (Burke et al, 1996, Nucleic Acids & Mol Biol, 10, 129; Chowrira et ai, US 
Patent No. 5,631,359). 

5 Figure 2 is a graph displaying the ability of ribozymes targeting various sites within the 

conserved 5' HCV UTR region to cleave the transcripts made from several genotypes. 

Figure 3 is a schematic representation of the Dual Reporter System utilized to 
demonstrate ribozyme-mediated reduction of luciferase activity in cell culture. 

Figure 4 is a graph demonstrating the ability of ribozymes to reduce luciferase activity 
10 in OST-7 cells. 

Figure 5 is a graph demonstrating the ability of ribozymes targeting sites HCV.5-313 
and HCV.5-318, to reduce luciferase activity in OST-7 cells compared to their inactive 
controls. 

Figure 6A is a bar graph demonstrating the effect of ribozyme treatment on HCV-Polio 
15 virus (PV) replication. HeLa cells in 96-well plates were infected with HCV-PV at a 
multiplicity of infection (MOI) of 0.1. Virus inoculum was then replaced with media 
containing 5% serum and ribozyme or control (200nM), as indicated, complexed to a cationic 
lipid. After 24 hours, cells were lysed 3 times by "freeze/thaw and "virus was "quantified* "by * 
piaque assay. Scrambled confroT (SAC), binding co^^ aiidr4^P=S^' " 

20 ribozymes are indicated. Plaque forming units (pfu)/ml are shown as the mean of triplicate 
samples + standard deviation (S.D.). 

Figure 6B is a bar graph demonstrating the effect of ribozyme treatment on wild type 
PV replication. HeLa cells in 96-well plates were infected with wild type PV at an MOI = 0.05 
for 30 minutes. All ribozymes contained 4P=S in (B). Plaque forming units (pfu)/ml are shown 
25 as the mean of triplicate samples + standard deviation (S.D.). 

Figure 7 is a schematic representation of various hammerhead ribozyme constructs 
targeted against HCV RNA. 
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Figure 8 is a graph demonstrating the effect of site 183 ribozyme treatment on a single 
round of HCV-PV infection. HeLa cells were infected with HCV-PV at an MOI = 5 for 30 
minutes prior to treatment with ribozymes or control. Cells were lysed after 6, 7, or 8 hours and 
virus was quantified by plaque assay. Ribozyme binding arm/stem n formats (7/4, 7/3, 6/4, 6/3) 
5 and scrambled control (SAC, 7/4 format) are indicated. All contained 4P=S stabilization. 
Results inpfu/ml are shown as the median of dupUcate samples ± range. 

Figure 9 shows the secondary structure models of three ribozyme motifs described in 
this application. 

Figure 10 shows the activity of anti-HCV ribozymes in combination with Interferon. 
10 Results in pfu/ml are shown as the median of duplicate samples ± range. BAC, binding 
attenuated control molecule; IF, interferon; Rz, hammerhead ribozyme targeted to HCV site 
1 83 ; pfu, plaque forming unit. 

Figure 11 is a bar graph demonstrating the effect of ribozyme treatment on HCV-PoUo 
virus (PV) repHcation using anti-HCV ribozymes directed against sites in the HCV minus 

15 strand. Both RPI motif I (Hammerhead) and motif H (Inozyme) ribozymes are represented. 
HeLa cells in 96-well plates were infected with HCV-PV at a multiplicity of infection (MOI) of 
0.1. Virus inoculum was then replaced with media containing 5% serum and ribozyme or 
control (200nM), as indicated, complexed to a cationic lipid. After 24 hours, cells were lysed 3 
times by freeze/thaw and virus \yas quantified by plaque assay. Scrambled contol (S^ 

20 ribozymes targeting diffo^ ^site^^re^ indicated.- Plaque forrni (pA^)^^1: F^^?^, 

the mean of triplicate samples + standard deviation (S.D.). Ribozymes used in this study are 
shown in Table X. 

Figure 12 is a bar graph demonstrating the effect of ribozyme treatment on HCV-Polio 
virus (PV) replication using anti-HCV ribozymes directed against additional sites in the HCV 

25 minus strand. Both RPI motif I and motif H ribozymes are represented. HeLa cells in 96-well 
plates were infected with HCV-PV at a multiplicity of infection (MOI) of 0.1. Virus inoculum 
was then replaced with media containing 5% serum and ribozyme or control (200nM), as 
indicated, complexed to a cationic lipid. After 24 hours cells, were lysed 3 times by 
freeze/thaw and virus was quantified by plaque assay. Scrambled control (SAC) and ribozymes 

30 targeting different sites are indicated. Plaque forming units (pfu)/ml are shown as the mean of 
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triplicate samples + standard deviation (S.D.). Ribozymes used in this study are shown in 
Table X. 

Figure 13 is a bar graph showing the dose response of a HCV minus strand site 205 
directed anti-HCV ribozyme (RPI No. 15006, Table X). Plaque forming units (pfu)/ml are 
5 shown as the mean of triplicate samples + standard deviation (S,D.). Results are shown in 
plaque forming imits (pfu)/ml vs. ribo2yme concentration in nM. 

Figure 14 is a graph showing the dose response of a HCV plus strand site 195 directed 
anti-HCV ribozyme (RPI No. 13919) when mixed with differing anti-HCV minus strand 
directed ribozymes (Table X). Results are shown in plaque forming units (pfu)/xnl vs. ribozyme 
1 0 concentration in nM. 

Ribozymes 

Seven basic varieties of naturally-occurring enzymatic RNAs are known presently. In 
addition, several in vitro selection (evolution) strategies (Orgel, 1979, Proc, R Soc, London, B 
205, 435) have been used to evolve new nucleic acid catalysts capable of catalyzing cleavage 

15 and hgation of phosphodiester linkages (Joyce, 1989, Gene, 82, 83-87; Beaudry et al, 1992, 
Science 257, 635-641; Joyce, 1992, Scientific American 267, 90-97; Breaker et al, 1994, 
TIBTECH 12, 268; Bartel et a/.,1993. Science 261:1411-1418; Szostak, 1993, TIBS 17, 89-93; 
Kumar et al, 1995, FASEB 1, 9, 1183; Breaker, 1996, Curr. Op, Biotech,, 7, 442; Santoro et 
ai] \991, Broc. Nati/ Acad, ScL, 94, 4262; Tang et alj\99l, m4 3,' 914; Nakamiy^ & 

20 Eckstein, 1994, ^upra; Long & Uhlenbeck, r994, iw^ra; Ishizal^ ei^ a/., 1995, 5M/7ra;^ai^lrir 
al, 1997, Biochemistry 36, 6495; all of these publications are incorporated by reference 
herein). Each can catalyze a series of reactions including the hydrolysis of phosphodiester 
bonds in trans (and thus can cleave other RNA molecules) under physiological conditions. 
Table I summarizes some of the characteristics of some of these ribozymes. In general, 

25 enzymatic nucleic acids act by first binding to a target RNA. Such binding occurs through the 
target binding portion of an enzymatic nucleic acid which is held in close proximity to an 
enzymatic portion of the molecule that acts to cleave the target RNA. Thus, the enzymatic 
nucleic acid first recognizes and then binds a target RNA through complementary base-pairing, 
and once bound to the correct site, acts enzymatically to cut the target RNA. Strategic cleavage 

30 of such a target RNA will destroy its ability to direct synthesis of an encoded protein. After an 
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enzymatic nucleic acid has bound and cleaved its RNA target, it is released from that RNA to 
search for another target and can repeatedly bind and cleave new targets. 

The enzymatic nature of a ribozyme is advantageous over other technologies, since the 
concentration of ribozyme necessary to affect a therapeutic treatment is lower. This advantage 
5 reflects the ability of the ribozyme to act enzymatically. Thus, a single ribozyme molecule is 
able to cleave many molecules of target RNA. In addition, the ribozyme is a highly specific 
inhibitor, with the specificity of inhibition depending not only on the base-pairing mechanism 
of binding to the target RNA, but also on the mechanism of target RNA cleavage. Single 
mismatches, or base-substitutions, near the site of cleavage can be chosen to completely 
1 0 eliminate catalytic activity of a ribozyme. 

Nucleic acid molecules having an endonuclease enzymatic activity are able to repeatedly 
cleave other separate RNA molecules in a nucleotide base sequence-specific manner. Such 
enzymatic nucleic acid molecules can be targeted to virtually any RNA transcript, and efficient 
cleavage achieved in vitro (Zaug et al, 324, Nature 429 1986 ; Uhlenbeck, 1987 Nature 328, 
15 596; Kim et al., 84 Proc, Natl Acad, Sci. USA 8788, 1987; Dreyfus, 1988, Einstein Quart, J, 
Bio, Med., 6, 92; Haseloff and Gerlach, 334 Nature 585, 1988; Cech, 260 JAMA 3030, 1988; 
and Jefferies et al., 17 Nucleic Acids Research 1371, 1989; Chartrand et al, 1995, Nucleic 
Acids Research 23, 4092; Santoro et al, 1997, PNAS 94, 4262). 

Because of their sequence-specificity, /m/i5^cleaving ribozymes show promise as 
20 'therapeutic .agents. for human disease. (Usman,&_McSw \995Ann, Rep, Med Chem^^^^^ ilj, 
285-294; Christoffersen and Marr, 1995 J, Med Chem, 38, 2023-2037). Ribozymes caii be 
designed to cleave specific RNA targets within the background of cellular RNA. Such a 
cleavage event renders the RNA non-functional and abrogates protein expression from that 
RNA. In this manner, synthesis of a protein associated with a disease state can be selectively 
25 inhibited. 

Ribozymes that cleave the specified sites in HCV RNAs represent a novel therapeutic 
approach to infection by the hepatitis C virus. Applicant indicates that ribozymes are able to 
inhibit the activity of HCV and that the catalytic activity of the ribozymes is required for their 
inhibitory effect. Those of ordinary skill in the art will find that it is clear from the examples 
30 described that other ribozymes that cleave HCV RNAs may be readily designed and are within 
the invention. 
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Target sites 

Targets for useful ribozymes can be determined as disclosed in Draper et al, WO 
93/23569; Sullivan et aL, WO 93/23057; Thompson et al, WO 94/02595; Draper et al, WO 
95/04818; McSwiggen et aL, US Patent No. 5,525,468; and, are all hereby incorporated by 
5 reference herein in their totalities. Rather than repeat the guidance provided in those 
documents here, below are provided specific examples of such methods, not limiting to those in 
the art. Ribozymes to such targets are designed as described in those applications and 
synthesized to be tested in vitro and in v/vo, as also described. Such ribozymes can also be 
optimized and delivered as described therein. 

1 0 The sequence of HCV RNAs were screened for optimal ribozyme target sites using a 

computer folding algorithm. Hammerhead or hairpin ribozyme cleavage sites were identified. 
These sites are shown in Tables IV-Vin and X (All sequences are 5' to 3' in the tables). The 
nucleotide base position is noted in the tables as that site to be cleaved by the designated type 
of ribozyme. The nucleotide base position is noted in the tables as that site to be cleaved by the 

1 5 designated type of ribozyme. 

Because HCV RNAs are highly homologous in certain regions, some ribozyme target 
sites are also homologous (see Table IV and Vni). In this case, a single ribozyme will target 
different classes of HCV RNA. The advantage of one ribozyme that targets several classes of 
HCV RNA is clear, especially in cases where one or more of these RNAs may contribute to the 
2Q:,,;...^ disease state-^,_^__^^^ r - ^.--v... 

Hammerhead or hairpin ribozymes were designed that could bind and were individually 
analyzed by computer folding (Jaeger et aL, 1989 Proc. NatL Acad. Set USA, 86, 7706) to 
assess whether the ribozyme sequences fold into the appropriate secondary structure. Those 
ribozymes with unfavorable intramolecular interactions between the binding arms and the 
25 catalytic core are eliminated from consideration. Varying binding arm lengths can be chosen to 
optimize activity. Generally, at least 5 bases on each arm are able to bind to, or otherwise 
interact with, the target RNA. Ribozymes of the hammerhead or hairpin motif were designed to 
aimeal to various sites in the mRNA message. The binding arms are complementary to the 
target site sequences described above. 



30 
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Ribozvme Synthesis 

Synthesis of nucleic acids greater than 100 nucleotides in length is difficult using 
automated methods, and the therapeutic cost of such molecules is prohibitive. In this invention, 
small nucleic acid motifs ("small refers to nucleic acid motifs no more than 100 nucleotides in 
length, preferably no more than 80 nucleotides in length, and most preferably no more than 50 
nucleotides in length; eg., antisense oligonucleotides, hammerhead or the Inozyme ribozymes) 
are preferably used for exogenous delivery. The simple structure of these molecules increases 
the ability of the nucleic acid to invade targeted regions of RNA structure. Exemplary 
molecules of the instant invention are chemically synthesized, and others can similarly be 
synthesized. 

The method of synthesis used for normal RNA including certain enzymatic nucleic acid 
molecules follows the procedure as described in Usman et al, 1987, 7. Am, Chem, Soa, 109, 
7845; Scaringe et al, 1990, Nucleic Acids Res., 18, 5433; Wincott et al, 1995, Nucleic Acids 
Res, 23, 2677-2684; and Wincott et al, 1997, Methods Mol Bio,, 74, 59, and makes use of 
common nucleic acid protecting and coupling groups, such as dimethoxytrityl at the 5'-end, and 
phosphoramidites at the 3'-end. In a non-limiting example, small scale syntheses are conducted 
on a 394 Applied Biosysteins, Inc. synthesizer using a 0.2 ^mol scale protocol with a 7.5 min 
coupling step for alkylsilyl protected nucleotides and a 2.5 min coupling step for 2'-0- 
methylated nucleotides. Table 11 outlines the amounts and the contact times of the reagents 
used in the synthesis cycle. Alternatively, syntheses at the 0.2 ^imol scale can be. done on a 96_- „ 
well plate synthesizer,-such as the instrument produced by Protogene (Palo^^Afi&i^ 
minimal modification to the cycle. A 33-fdld excess (60 \xL of 0.11 M = 6.6 \xmol) of 2'-0- 
methyl phosphoramidite and a 75-fold excess of S-ethyl tetrazole (60 liL of 0.25 M = 15 ^mol) 
can be used in each coupling cycle of 2'-0-methyl residues relative to polymer-bound 5'- 
hydroxyl. A 66-fold excess (120 ^iL of 0,11 M = 13.2 jimol) of alkylsilyl (ribo) protected 
phosphoramidite and a 150-fold excess of S-ethyl tetrazole (120 of 0.25 M = 30 ^mol) can 
be used in each coupling cycle of ribo residues relative to polymer-bound 5'-hydroxyl. 
Average coupling yields on the 394 Applied Biosystems, Inc. synthesizer, determined by 
colorimetric quantitation of the trityl fractions, are typically 97.5-99%. Other oligonucleotide 
synthesis reagents for the 394 Applied Biosystems, Inc. synthesizer include; detritylation 
solution is 3% TCA in methylene chloride (ABI); capping is performed with 16% ^'-methyl 
imidazole in THF (ABI) and 10% acetic anhydride/10% 2,6-lutidine in THF (ABI); oxidation 
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solution is 16.9 mM I2, 49 mM pyridine, 9% water in THF (PERSEPTIVE™). Burdick & 
Jackson Synthesis Grade acetonitrile is used directly from the reagent bottle. S-Ethyltetrazole 
solution (0.25 M in acetonitrile) is made up from the solid obtained from American 
International Chemical, Inc. Alternately, for the introduction of phosphorothioate linkages, 
5 Beaucage reagent (3H-l,2-Ben2odithiol-3-one l,l-dioxide0.05 M in acetonitrile) is used. 

Deprotection of the RNA is performed using either a two-pot or one-pot protocol. For 
the two-pot protocol, the polymer-bound trityl-on oligoribonucleotide is transferred to a 4 mL 
glass screw top vial and suspended in a solution of 40% aq. methylamine (1 mL) at 65 °C for 
10 min. After cooling to -20 °C, the supernatant is removed from the polymer support. The 

10 support is washed three times with 1.0 mL of EtOH:MeGN:H20/3:l:l, vortexed and the 
supernatant is then added to the first supernatant. The combined supematants, containing the 
oligoribonucleotide, are dried to a white powder. The base deprotected oligoribonucleotide is 
resuspended in anhydrous TEA/HF/NMP solution (300 ixL of a solution of 1.5 mL N- 
methylpyrrolidinone, 750 [iL TEA and 1 mL TEA-3HF to provide a 1.4 M HF concentration) 

1 5 and heated to 65 °C. After 1 .5 h, the oligomer is quenched with 1.5 M NH4HCO3. 

Alternatively, for the one-pot protocol, the polymer-bound trityl-on oligoribonucleotide 
is transferred to a 4 mL glass screw top vial and suspended in a solution of 33% ethanolic 
methylamine/DMSO: 1/1 (0.8 mL) at 65 °C for 15 min. The vial is brought to r.t. TEA'3HF 
(0,1 mL) is added and the vial is heated at 65 °C for 15 min. The sample is cooled at -20 °C 
20 and then quenched with 1.5 M NH4HCO3. 

For anion exchange desalting of the deprotected oligomer, the TEAB solution was 
loaded onto a Qiagen 500® anion exchange cartridge (Qiagen Inc.) that was prewashed with 50 
mM TEAB (10 mL). After washing the loaded cartridge witTi 50 mM TEAB (10 mL), the RNA 
was elated with 2 M TEAB (10 mL) and dried down to a white powder. 

25 For purification of the trityl-on oligomers, the quenched NH4HCO3 solution is loaded 

onto a C-1 8 containing cartridge that had been prewashed with acetonitrile followed by 50 mM 
TEAA. After washing the loaded cartridge with water, the RNA is detritylated with 0.5% TFA 
for 13 min. The cartridge is then washed again with water, salt exchanged with 1 M NaCl and 
washed with water again. The oligonucleotide is then eluted with 30% acetonitrile. 
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Inactive hammerhead ribozymes were synthesized by substituting switching the order 
of G5A6 and substituting a U for Au (numbering from Hertel, K. J., ei ai, 1992, Nucleic Acids 
Res., 20, 3252), Inactive ribozymes were also by synthesized by substituting a U for G5 and a 
U for A14. In some cases, the sequence of the substrate binding arms were randomized while 
5 the overall base composition was maintained. 

The average stepwise coupling yields are typically >98% (Wincott et al, 1995 Nucleic 
Acids Res. 23, 2677-2684).. Those of ordinary skill in the art will recognize that the scale of 
synthesis can be adapted to be larger or smaller than the example described above including but 
not limited to 96-well format, all that is important is the ratio of chemicals used in the reaction. 

1 0 Hairpin ribozymes are synthesized in two parts and annealed to reconstruct the active 

ribpzyme (Chowrira and Burke, 1992 Nucleic Acids Res,, 20, 2835-2840). Ribozymes are also 
synthesized from DNA templates using bacteriophage T7 RNA polymerase (Milligan and 
Uhlenbeck, 1989, Methods EnzymoL 180, 51). 

Alternatively, the nucleic acid molecules of the present invention can be synthesized 
1 5 separately and joined together post-synthetically, for example by ligation (Moore et aL, 1992, 
Science 256, 9923; Draper et aL, International PCT publication No. WO 93/23569; Shabarova 
et aL, 1991, Nucleic Acids Research 19, 4247; Bellon et aL, 1997, Nucleosides & Nucleotides, 
16, 951; Bellon et aL, 1997, Bioconjugate Chem, 8, 204). 

" The nucleic acid molecules of the present invention are^inodifTed "extensive 
20 enhance stability by modification with nuclease resistant gioups, for example; 2'-aimnb," 2'-C- 
allyl, 2'-flouro, 2'-0"methyl, 2'-H (for a review see Usman and Cedergren, 1992, TIBS 17, 34; 
Usman et aL, 1994, Nucleic Acids Symp. Ser, 31, 163). Ribozymes are purified by gel 
electrophoresis using general methods or are purified by high pressure liquid chromatography 
(HPLC; see Wincott et aL, supra, the totality of which is hereby incorporated herein by 
25 reference) and are re-suspended in water. 

The sequences of the ribozymes that are chemically synthesized, useful in this study, 
are shown in Tables IV to X. Those in the art will recognize that these sequences are 
representative only of many more such sequences where the enzymatic portion of the ribozyme 
(all but the binding arms) is altered to affect activity. The ribozyme sequences listed in Tables 
30 IV to X may be formed of ribonucleotides or other nucleotides or non-nucleo tides. Such 
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ribozymes with enzymatic activity are equivalent to the ribozymes described specifically in the 
tables. 

Optimizing Activity of the nucleic acid molecule of the invention. 

Chemically synthesizing nucleic acid molecules with modifications (base, sugar and/or 
5 phosphate) that prevent their degradation by serum ribonucleases may increase their potency 
(see e,g., Eckstein et aL, International Publication No. WO 92/07065; Perrault et al, 1990 
Nature 344, 565; Pieken et al,, 1991, Science 253, 314; Usman and Cedergren, 1992, Trends in 
Biochem. Sci, 17, 334; Usman ei aL, International Publication No. WO 93/15187; and Rossi et 
al., International Publication No, WO 91/03162; Sproat, US Patent No. 5,334,711; and Burgin 
10 et aL, supra; all of these describe various chemical modifications that can be made to the base, 
phosphate and/or sugar moieties of the nucleic acid molecules herein). All these publications 
are hereby incorporated by reference herein. Modifications which enhance their efficacy in 
cells, and removal of bases firom nucleic acid molecules to shorten oligonucleotide synthesis 
times and reduce chemical requirements are desired. 

15 There are several examples in the art describing sugar, base and phosphate 

modifications that can be introduced into nucleic acid molecules with significant enhancement 
in their nuclease stability and efficacy. For example, oligonucleotides are modified to enhance 
stability and/or enhance biological activity by modification with nuclease resistant groups, for 
example, 2'-amino, 2 -C-allyl, 2'-flouro, 2 -O-methyl, 2*-H, nucleotide base modifications (for a 

20 review, see Usman and Cedergren, 1992, r/B5. H Usman al,}99A,NucM^ Acids 
Symp. ScK 31, 163; Burgin et al„ 1996, Biochemistry , 35, 14090). All of these publications 
are incorporated by reference herein. Sugar modification of nucleic acid molecules have been 
extensively described in the art (see Eckstein et aL, International Publication PCT No. WO 
92/07065; Perrault et aL Nature, 1990, 344, 565-568; Pieken et aL Science, 1991, 253, 314- 

25 317; Usman and Cedergren, Trends in Biochem, ScL , 1992, 17, 334-339; Usman et aL 
International Publication PCT No. WO 93/15187; Sproat, US Patent No. 5,334,711 and 
Beigelman et aL, 1995, J. BioL Chem,, 270, 25702; Beigelman et aL, International PCT 
publication No. WO 97/26270; Beigelman et aL, US Patent No. 5,716,824; Usman et aL, US 
patent No. 5,627,053; Woolf et aL, International PCT Publication No. WO 98/13526; 

30 Thompson et aL, USSN 60/082,404 which was filed on April 20,1998; Karpeisky et aL, 1998, 
Tetrahedron Lett., 39, 1131; Eamshaw and Gait, 1998, Biopolymers (Nucleic acid Sciences), 
48, 39-55; Verma and Eckstein, 1998, Annu, Rev, Biochem,, 67, 99-134; and Burlina et aL, 
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1997, Bioorg. Med Chain., 5, 1999-2010; all of the references are hereby incorporated in their 
totality by reference herein). Such publications describe general methods and strategies to 
determine the location of incorporation of sugar, base and/or phosphate modifications and the 
like into ribo2ymes without inhibiting catalysis, and are incorporated by reference herein. In 
5 - view of such teachings, similar modifications can be used as described herein to modify the 
nucleic acid molecules of the instant invention. 

While chemical modification of oligonucleotide intemucleotide linkages with 
phosphorothioate, phosphorothioate, and/or 5'-methylphosphonate linkages improves stability, 
too many of these modifications may cause some toxicity. Therefore when designing nucleic 
10 acid molecules the amount of these intemucleotide linkages should be minimized. The 
reduction in the concentration of these linkages should lower toxicity resulting in increased 
efficacy and higher specificity of these molecules. 

Nucleic acid molecules having chemical modifications which maintain or enhance 
activity are provided. Such nucleic acid is also generally more resistant to nucleases than 

1 5 unmodified nucleic acid. Thus, in a cell and/or in vivo the activity may not be significantly 
lowered. Therapeutic nucleic acid molecules delivered exogenously must optimally be stable 
within cells until translation of the target RNA has been inhibited long enough to reduce the 
levels of the undesirable protein. This period of time varies between hours to days depending 
upon the disease state. Clearly, nucleic acid molecules must be resistant to nucleases in order 

20 to function as effective intracellular therapeutic agents, Iniprovements in the_chemk 
synthesis of RNA and'DNA (Win 1995 Nucleic rAcids Res. 23, . 267'7; Caruthers;er£z/„ 

1992, Methods in Enzymology 211,3-19 (incorporated by reference herein) have expanded the 
ability to modify nucleic acid molecules by introducing nucleotide modifications to enhance 
their nuclease stability as described above. 

25 Use of these the nucleic acid-based molecules of the invention will lead to better 

treatment of the disease progression by affording the possibility of combination therapies {e.g., 
multiple antisense or enzymatic nucleic acid molecules targeted to different genes, nucleic acid 
molecules coupled with known small molecule inhibitors, or intermittent treatment with 
combinations of molecules (including different motifs) and/or other chemical or biological 

30 molecules). The treatment of patients with nucleic acid molecules may also include 
combinations of different types of nucleic acid molecules. 
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Therapeutic nucleic acid molecules (e.g., enzymatic nucleic acid molecules) delivered 
exogenously must optimally be stable within cells until translation of the target RNA has been 
inhibited long enough to reduce the levels of the undesirable protein. This period of time varies 
between hours to days depending upon the disease state. Clearly, these nucleic acid molecules 
must be resistant to nucleases in order to function as effective intracellular therapeutic agents. 
Improvements in the chemical synthesis of nucleic acid molecules described in the instant 
invention and in the art have expanded the ability to modify nucleic acid molecules by 
introducing nucleotide modifications to enhance their nuclease stability as described above. 

By "enhanced enzymatic activity" is meant to include activity measured in cells and/or 
in vivo where the activity is a reflection of both catalytic activity and ribozyme stability. In this 
invention, the product of these properties is increased or not significantly (less that 10 fold) 
decreased in vivo compared to an all RNA ribozyme or all DNA enzyme. 

In yet another preferred embodiment, nucleic acid catalysts having chemical 
modifications which maintain or enhance enzymatic activity is provided. Such nucleic acid is 
also generally more resistant to nucleases than unmodified nucleic acid. Thus, in a cell and/or 
in vivo the activity may not be significantly lowered. As exemplified herein such ribozymes are 
useful in a cell and/or in vivo even if activity over all is reduced 10-fold (Burgin et al, 1996, 
Biochemistry, 35, 14090). Such ribozymes herein are said to "maintain" the enzymatic activity 
of an all RNA ribozyme. 

In anothera^specUhe,,^^ acid inol.eculesj^cg„r^^^ a:5 !, and/pr_ a. 31- cap sfi^ctur^ ,,,, 

By "cap structure" is meant chemical modifications, which have been incorporated at 
either terminus of the oligonucleotide (see, for example, Wincott et al, WO 97/26270, 
incorporated by reference herein). These terminal modifications protect the nucleic acid 
molecule from exonuclease degradation, and may help in delivery and/or localization within a 
cell. The cap may be present at the 5 '-terminus (5 '-cap) or at the 3 '-terminus (3 '-cap) or may 
be present on both termini. In non-limiting examples: the 5 '-cap is selected fi-om the group 
comprising inverted abasic residue (moiety), 4',5 '-methylene nucleotide; l-(beta-D- 
erythrofuranosyl) nucleotide, 4'-thio nucleotide, carbocyclic nucleotide; 1,5-anhydrohexitol 
nucleotide; L-nucleotides; alpha-nucleotides; modified base nucleotide; phosphorodithioate 
linkage; /Areo-pentofliranosyl nucleotide; acyclic 3',4'-seco nucleotide; acyclic 3,4- 
dihydroxybutyl nucleotide; acyclic 3,5-dihydroxypentyl nucleotide, 3 *-3 '-inverted nucleotide 
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moiety; 3 '-3 '-inverted abasic moiety; 3 -2 '-inverted nucleotide moiety; 3'-2'-inverted abasic 
moiety; 1,4-butanediol phosphate; 3 -phosphoramidate; hexylphosphate; aminohexyl phosphate; 
3 '-phosphate; 3'-phosphorothioate; phosphorodithioate; or bridging or non-bridging 
methylphosphbnate moiety (for more details see Wincott et al, International PCT publication 
5 No. WO 97/26270, incorporated by reference herein). 

In yet another preferred embodiment, the 3 '-cap is selected from a group comprising, 
4',5 -methylene nucleotide; l-(beta-D-erythrofuranosyl) nucleotide; 4*-thio nucleotide, 
carbocyclic nucleotide; 5'-amino-alkyl phosphate; l,3-diamino-2-propyl phosphate, 3- 
aminopropyl phosphate; 6-aminohexyl phosphate; 1,2-aminododecyl phosphate; hydroxypropyl 

10 phosphate; 1,5-anhydrohexitol nucleotide; L-nucleotide; alpha-nucleotide; modified base 
nucleotide; phosphorodithioate; /Areo-pentofuranosyl nucleotide; acyclic 3\4'-seco nucleotide; 
3,4-dihydroxybutyl nucleotide; 3,5-dihydroxypentyl nucleotide, 5 '-5 '-inverted nucleotide 
moiety; 5*-5'-inveTted abasic moiety; 5'-phosphoramidate; 5*-phosphorothioate; 1,4-butanediol 
phosphate; S'-amino; bridging and/or non-bridging 5 '-phosphoramidate, phosphorothioate 

15 and/or phosphorodithioate, bridging or non bridging methylphosphonate and 5'-mercapto 
moieties (for more details, see Beaucage and Iyer, 1993, Tetrahedron 49, 1925; incorporated by 
reference herein). By the term "non-nucleotide" is meant any group or compound which can be 
incorporated into a nucleic acid chain in the place of one or more nucleotide units, including 
either sugar and/or phosphate substitutions, and allows the remaining bases to exhibit their 

20 enzymatic activity. The group or compound is abasic in that it does not contain a conmionly 
recognized nucleotide base, such as adenosine, guanine, cytosine, uracil or thymine. 

An '*alkyl" group refers to a saturated aliphatic hydrocarbon, including straight-chain, 
branched-chain, and cyclic alkyl groups. Preferably, the alkyl group has 1 to 12 carbons. More 
preferably it is a lower alkyl of from 1 to 7 carbons, more j^eferably 1 to 4 carbons. The alkyl 

25 group may be substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0, =S, NO2 or N(CH3)2, amino, or SH. The term also 
includes alkenyl groups which are unsaturated hydrocarbon groups containing at least one 
carbon-carbon double bond, including straight-chain, branched-chain, and cyclic groups. 
Preferably, the alkenyl group has 1 to 12 carbons. More preferably it is a lower alkenyl of from 

30 1 to 7 carbons, more preferably 1 to 4 carbons. The alkenyl group may be substituted or 
unsubstituted. When substituted the substituted group(s) is preferably, hydroxyl, cyano, 
alkoxy, =0, =S, NO2, halogen, N(CH3)2, amino, or SH. The term "alkyl" also includes alkynyl 
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groups which have an unsaturated hydrocarbon group containing at least one carbon-carbon 
triple bond, including straight-chain, branched-chain, and cyclic groups. Preferably, the 
alkynyl group has 1 to 12 carbons. More preferably it is a lower alkynyl of from 1 to 7 carbons, 
more preferably 1 to 4 carbons. The alkynyl group may be substituted or unsubstituted. When 
5 substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, =0, =S, NO2 or 
N(CH3)2, amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, heterocyclic aryl, 
amide and ester groups. An "aryl" group refers to an aromatic group which has at least one ring 
having a conjugated p electron system and includes carbocycUc aryl, heterocyclic aryl and 

1 0 biaryl groups, all of which may be optionally substituted. The preferred substituent(s) of aryl 
groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy, alkyl, alkenyl, alkynyl, 
and amino groups. An "alkylaryl" group refers to an alkyl group (as described above) 
covalently joined to an aryl group (as described above). Carbocyclic aryl groups are groups 
wherein the ring atoms on the aromatic ring are all carbon atoms. The carbon atoms are 

1 5 optionally substituted. Heterocyclic aryl groups are groups having from 1 to 3 heteroatoms as 
ring atoms in the aromatic ring and the remainder of the ring atoms are carbon atoms. Suitable 
heteroatoms include oxygen, sulfur, and nitrogen, and include fiiranyl, thienyl, pyridyl, 
pyrrolyl, N-lower alkyl pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R, where R is either alkyl, aryl, alkylaryl or 

20 hydrogen. An "ester" refers to an -C(0)-OR*, where R is either alkyl, aryl, alkylaryl or 
ffydfrogen. ' ~ . ' . 7" . ! 

By "nucleotide" as used herein is as recognized in the art to include natural bases 
(standard), and modified bases well known in the art. Such bases are generally located at the T 
position of a nucleotide sugar moiety. Nucleotides generally comprise a base, sugar and a 

25 phosphate group. The nucleotides can be unmodified or modified at the sugar, phosphate 
and/or base moiety, (also referred to interchangeably as nucleotide analogs, modified 
nucleotides, non-natural nucleotides, non-standard nucleotides and other; see for example, 
Usman and McSwiggen, supra; Eckstein et al, International PCT Publication No. WO 
92/07065; Usman et al, International PCT Publication No. WO 93/15187; Uhlman & Peyman, 

30 supra. All these publications are hereby incorporated by reference herein). There are several 
examples of modified nucleic acid bases known in the art as summarized by Limbach et al, 
1994, Nucleic Acids Res. 22, 2183. Some of the non-limiting examples of base modifications 
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that can be introduced into nucleic acid molecules include, inosine, purine, pyridin-4-one, 
pyridin-2-one, phenyl, pseudouracil, 2, 4, 6-trimethoxy benzene, 3-methyl uracil, 
dihydrouridine, naphthyl, aminophenyl, 5-alkylcytidines (eg. , 5-methylcytidine), 
5-alkyluridines ribothymidine), 5-halouridine (e.g., 5-bromouridine) or 6-azapyrimidines 
5 or 6-alkylpyrimidines (e.g. 6-methyluridine), propyne, and others (Burgin et al, 1996, 
Biochemistry, 35, 14090; Uhlman & Peyman, supra). All these publications are incorporated 
by reference herein. By "modified bases" in this aspect is meant nucleotide bases other than 
adenine, guanine, cytosine and uracil at V position or their equivalents; such bases may be used 
at any position, for example, within the catalytic core of an enzymatic nucleic acid molecule 
1 0 and/or in the substrate-binding regions of the nucleic acid molecule. 

In a preferred embodiment, the invention features modified ribozymes with phosphate 
backbone modifications comprising one or more phosphorothioate, phosphorodithioate, 
methylphosphonate, morpholino, amidate carbamate, carboxymethyl, acetamidate, polyamide, 
sulfonate, sulfonamide, sulfamate, formacetal, thioformacetal, and/or alkylsilyl, substitutions. 
15 For a review of oligonucleotide backbone modifications see Hunziker and Leumann, 1995, 
Nucleic Acid Analogues: Synthesis and Properties, in Modern Synthetic Methods, VCH, 331- 
417, and Mesmaeker et al, 1994, Novel Backbone Replacements for Oligonucleotides, in 
Carbohydrate Modifications in Antisense Research, ACS, 24-39. These references are hereby 
incorporated by reference herein. 

20 - - By "abasic" is-meant sugar moieties lacking a base or having other chemical -groups in — 
place of a base at the 1' position, (for more details, see Wincott e^ al:, ir{itm^^ 
publication No. WO 97/26270). 

By "unmodified nucleoside" is meant one of thej^ases adenine, cytosine, guanine, 
thymiiie, uracil joined to the 1' carbon of p-D-ribo-furanose. 

25 By "modified nucleoside" is meant any nucleotide base which contains a modification in 

the chemical structure of an unmodified nucleotide base, sugar and/or phosphate. 

In connection with 2 '-modified nucleotides as described for the present invention, by 
"amino" is meant 2'-NH2 or 2'-0- NH?, which may be modified or unmodified. Such modified 
groups are described, for example, in Eckstein et al., U.S. Patent 5,672,695 and Matulic- 
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Adamic et al., WO 98/28317, respectively, which are both incorporated by reference in their 
entireties. 

Various modifications to nucleic acid (e.g., antisense and ribozyme) structure can be 
made to enhance the utility of these molecules. Such modifications will enhance shelf-life, 
5 half-life in vitro, stability, and ease of introduction of such oligonucleotides to the target site, 
e.g., to enhance penetration of cellular membranes, and confer the ability to recognize and bind 
to targeted cells. 

Use of these molecules will lead to better treatment of the disease progression by 
affording the possibility of combination therapies (e.g., multiple ribozymes targeted to different 

1 0 genes, ribozymes coupled with known small molecule inhibitors, or intermittent treatment with 
combinations of ribozymes (including different ribozyme motifs) and/or other chemical or 
biological molecules). The treatment of patients with nucleic acid molecules may also include 
combinations of different types of nucleic acid molecules. Therapies may be devised which 
include a mixture of ribozymes (including different ribozyme motifs), antisense and/or 2-5A 

1 5 chimera molecules to one or more targets to alleviate symptoms of a disease. 



Administration of Ribozymes 

- - : Sullivan a/.,-PGT~WO 94/02595, describes the generat-methodsr for. delivery of-.-.- ^ 
■ • - erizyimtic RN A mdleeules ■ 7 ^Ribozymes -may be * administered to' cell's ' by^a Wiety " of n^^^ 
20 knoAvn to those familiar to the art, including, but not restricted to, encapsulation in liposomes, 
by iontophoresis, or by incorporation into other vehicles, such as hydrogels, cyclodextrins, 
biodegradable nanocapsules, and bioadhesive microspheres. For some indications, ribozymes 
may be directly delivered ex vivo to cells or tissues with or without the aforementioned 
vehicles. Alternatively, the RNA/vehicle combination is locally delivered by direct injection or 
25 by use of a catheter, infusion pump, stent or other delivery devices such as Alzet® pumps, 
Medipad® devices. Other routes of delivery include, but are not limited to, intravascular, 
intramuscular, subcutaneous or joint injection, aerosol inhalation, oral (tablet or pill form), 
topical, systemic, ocular, intraperitoneal and/or intrathecal delivery. More detailed descriptions 
of ribozyme delivery and administration are provided in Sullivan et al, supra and Draper et al, 
30 PCT W093/23569, which have been incorporated by reference herein. 
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The molecules of the instant invention can be used as pharmaceutical agents. 
Pharmaceutical agents prevent, inhibit the occurrence, or treat (alleviate a symptom to some 
extent, preferably all of the symptoms) of a disease state in a patient. 

The negatively charged polynucleotides of the invention can be administered (e.g., RNA, 
5 DNA or protein) and introduced into a patient by any standard means, with or without 
stabilizers; buffers, and the like, to form a pharmaceutical composition. When it is desired to 
use a lipid or liposome delivery mechanism, standard protocols for formulation can be 
followed. The compositions of the present invention may also be formulated and used as 
tablets, capsules or elixirs for oral administration; suppositories for rectal administration; sterile 
1 0 solutions; suspensions for injectable administration; and the like. 

The present invention also includes pharmaceutically acceptable formulations of the 
compounds described. These formulations include salts of the above compounds, e.g., acid 
addition salts, including salts of hydrochloric, hydrobromic, acetic acid, and benzene sulfonic 
acid. 

15 A pharmacological composition or formulation refers to a composition or formulation in 

a form suitable for administration, e.g., systemic administration, into a cell or patient, 
preferably a human. Suitable forms, in part, depend upon the use or the route of entry, for 
example oral, transdermal, or by injection. Such forms should not prevent the composition or 
formulation to reach a target cell (z.e., a cell to which the negatively charged polymer is desired 

20 to be delivered to). For example, pharmacological compositions injec^^ 1^^?^^^ 

should be" soluble. Other factors are known in the art, and include considerations such as 
toxicity and forms which prevent the composition or formulation from exerting its effect. 

By "systemic administration" is meant in vivo systemic absorption or accumulation of 
drugs in the blood stream followed by distribution throughout the entire body. Administration 

25 routes which lead to systemic absorption include, without limitations: intravenous, 
subcutaneous, intraperitoneal, inhalation, oral, intrapulmonary and intramuscular. Each of 
these administration routes expose the desired negatively charged polymers, e.g., nucleic acids, 
to an accessible diseased tissue. The rate of entry of a drug into the circulation has been 
shown to be a function of molecular weight or size. The use of a liposome or other drug carrier 

30 comprising the compounds of the instant invention can potentially localize the drug, for 
example, in certain tissue types, such as the tissues of the reticular endothelial system (RES). 
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A liposome formulation which can facilitate the association of drug with the surface of cells, 
such as, lymphocytes and macrophages is also useful This approach may provide enhanced 
delivery of the drug to target cells by taking advantage of the specificity of macrophage and 
lymphocyte immune recognition of abnormal cells, such as the HCV infected liver cells. 

5 The invention also features the use of a composition comprising surface-modified 

liposomes containing poly (ethylene glycol) lipids (PEG-modified, or long-circulating 
liposomes or stealth liposomes). These formulations offer a method for increasing the 
accumulation of drugs in target tissues. This class of drug carriers resists opsonization and 
elimination by the mononuclear phagocytic system (MPS or RES), thereby enabling longer 

10 blood circulation times and enhanced tissue exposure for the encapsulated drug (Lasic ai 
Chem. Rev, 1995, 95, 2601-2627; Ishiwata et a/., Chem. Pharm, Bull 1995, 43, 1005-1011). 
All these publications are incorporated by reference herein. Such liposomes have been shown 
to accumulate ' selectively in tumors, presumably by extravasation and capture in the 
neovascularized target tissues (Lasic et al, Science 1995, 267, 1275-1276; Oku et al.,1995, 

1 5 Biochim, Biophys. Acta, 1238, 86-90). All these references are incorporated by reference 
herein. The long-circulating liposomes enhance the pharmacokinetics and pharmacodynamics 
of DNA and RNA, particularly compared to conventional cationic liposomes which are known 
to accumulate in tissues of the MPS (Liu et al,, J, Biol. Chem, 1995, 42, 24864-24870; Choi et 
al, International PCT Publication No. WO 96/10391; Ansell et al. International PCT 

20 Publication No. WO 96/10390; Holland et al, International PCT Publication No. WO 
96/10392; all of these are incorporated by reference herein): 7^ - — , — 

In addition other cationic molecules may also be utilized to deliver the molecules of the 
present invention. For example, ribozymes may be conjugated to glycosylated poly(L-lysine) 
which has been shown to enhance localization of antisense oligonucleotides into the liver 
25 (Nakazono et al, 1996, Hepatology 23, 1297-1303; Nahato et al, 1997, Biochem Pharm. 53, 
887-895). Glycosylated poly (L-lysine) may be covalently attached to the enzymatic nucleic 
acid or be bound to enzymatic nucleic acid through electrostatic interaction. 

The present invention also includes compositions prepared for storage or administration 
which include a pharmaceutically effective amount of the desired compounds in a 
30 pharmaceutically acceptable carrier or diluent. Acceptable carriers or diluents for therapeutic 
use are well known in the pharmaceutical art, and are described, for example, in Remington's 
Pltannaceutical Sciences, Mack Publishing Co. (A.R. Gennaro edit. 1985) hereby incorporated 
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by reference herein. For example, preservatives, stabilizers, dyes and flavoring agents may be 
provided. Id. at 1449. These include sodium benzoate, sorbic acid and esters of • 
hydroxybenzoic acid. In addition, antioxidants and suspending agents may be used. 

A pharmaceutically effective dose is that dose required to prevent, inhibit the occurrence, 
5 or treat (alleviate a symptom to some extent, preferably all of the symptoms) a disease state. 
The pharmaceutically effective dose depends on the type of disease, the composition used, the 
route of administration, the type of mammal being treated, the physical characteristics of the 
specific mammal under consideration, concurrent medication, and other factors which those 
skilled in the medical arts will recognize. Generally, an amount between 0.1 mg/kg and 100 
1 0 mg/kg body weight/day of active ingredients is administered dependent upon potency of the 
negatively charged polymer. 

The nucleic acid molecules of the present invention may also be administered to a patient 
in combination with other therapeutic compounds to increase the overall therapeutic effect. 
The use of multiple compounds to treat an indication may increase the beneficial effects while 
1 5 reducing the presence of side effects. 

Altematively, the enzymatic nucleic acid molecules of the instant invention can be 
expressed within cells from eukaryotic promoters {e.g., Izant and Weintraub, 1985 Science 229, 
345; McGarry and Lindquist, 1986 Proc. Natl Acad. Sci. USA 83, 399; Scanlon et a/., 1991, 
Proc. Natl Acad. ScL USA, 88, 10591-5; Kashani-Sabet et al, 1992 Antisense Res. Dev., 2, 3- 

20 15; I^ropulic a/./l 992/. riro/, 66^^^^^^^ Weerasinghe e/ a/., 1991 ^K^^^ 

Ojwange^a/., 1992 Proc. Natl Acad. Sci. USA %9, \Q%02-6\ Ch&n etal, 1992 Nucleic Acids 
Res., 20, 4581-9; Sarver et al, 1990 Science 247, 1222-1225; Thompson et al, 1995 Nucleic 
Acids Res. 23, 2259; Good et al, 1997, Gene Therapy, 4, 45; all of these references are hereby 
incorporated in their totalities by reference herein). Those skilled in the art realize that any 

25 nucleic acid can be expressed in eukaryotic cells from the appropriate DNA/RNA vector. The 
activity of such nucleic acids can be augmented by their release from the primary transcript by 
a ribozyme (Draper et al, PCT WO 93/23569, and Sullivan et al, PCT WO 94/02595; Ohkawa 
et al, 1992 Nucleic Acids Symp. Ser., 27, 15-6; Taira et al, 1991, Nucleic Acids Res., 19, 
5125-30; Ventura et aL 1993 Nucleic Acids Res., 21, 3249-55; Chowrira et al, 1994 J. Biol 

30 Chem. 269, 25856; all of these references are hereby incorporated in their totalities by 
reference herein). 
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In another aspect of the invention, enzymatic nucleic acid molecules that cleave target 
molecules are expressed from transcription units (see for example Couture et al, 1996, TIG,, 
12, 510) inserted into DNA or RNA vectors. The recombinant vectors are preferably DNA 
plasmids or viral vectors. Ribozyme expressing viral vectors could be constructed based on, but 
5 not limited to, adeno-associated virus, retrovirus, adenovirus, or alphavirus. Preferably, the 
recombinant vectors capable of expressing the riboTymes are delivered as described above, and 
persist in target cells. Alternatively, viral vectors may be used that provide for transient 
expression of ribozymes. Such vectors might be repeatedly administered as necessary. Once 
expressed, the ribozymes cleave the target mRNA. The active ribozyme contains an enzymatic 

1 0 center or core equivalent to those in the examples, and binding arms able to bind target nucleic 
acid molecules such that cleavage at the target site occurs. Other sequences may be present 
which do not interfere with such cleavage. Delivery of ribozyme expressing vectors could be 
systemic, such as by intravenous or intramuscular administration, by administration to target 
cells ex-planted from the patient followed by reintroduction into the patient, or by any other 

1 5 means that would allow for introduction into the desired target cell (for a review see Couture 
etal, 1996, TIG., 12,510). 

In one aspect the invention features, an expression vector comprising nucleic acid 
sequence encoding at least one of the nucleic acid catalyst of the instant invention is disclosed. 
The nucleic acid sequence encoding the nucleic acid catalyst of the instant invention is 
20 operable linked in a manner which allows expression of that nucleic acid molecule. 

In another^ aspect" the invention fd^^ expression vector comprising: a):: a" 

transcription initiation region (e.g., eukaryotic pol I, II or HI initiation region); b) a 
transcription termination region {e.g., eukaryotic pol I, n or EI termination region); c) a nucleic 
acid sequence encoding at least one of the nucleic acid catalyst of the instant invention; and 
25 wherein said sequence is operably linked to said initiation region and said termination region, 
in a manner which allows expression and/or delivery of said nucleic acid molecule. The vector 
may optionally include an open reading frame (ORF) for a protein operably linked on the 5' 
side or the 3 '-side of the sequence encoding the nucleic acid catalyst of the invention; and/or an 
intron (intervening sequences). 

30 Transcription of the nucleic acid molecule sequences are driven from a promoter for 

eukaryotic RNA polymerase I (pol I), RNA polymerase n (pol U), or RNA polymerase IE (pol 
IE). Transcripts from pol 11 or pol HI promoters will be expressed at high levels in all cells; the 
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levels of a given pol n promoter in a given cell type will depend on the nature of the gene 
regulatory sequences (enhancers, silencers, etc.) present nearby. Prokaryotic RNA polymerase 
promoters are also used, providing that the prokaryotic RNA polymerase enzyme is expressed 
in the appropriate cells (Elroy-Stein and Moss, 1990, Proc. Natl Acad, Set USA, 87, 6743-7; 
Gao and Huang 1993, Nucleic Acids Res.,, 21, 2867-72; Lieber et al, 1993, Methods Enzymol, 
111, 47-66; Zhou et al, 1990, Mol Cell Biol, 10, 4529-37). All of these references are 
incorporated by reference herein. Several investigators have demonstrated that nucleic acid 
molecules, such as ribozymes expressed from such promoters can function in mammalian cells 
(e.g. Kashani-Sabet era/., 1992, Antisense Res, Dev., 2,3-15; Ojwang et al, 1992, Proc. 
Natl Acad. ScL USA, 89, 10802-6; Chen et al, 1992, Nucleic Acids Res., 20, 4581-9; Yu et 
al, 1993, Proc. Natl Acad. ScL USA, 90, 6340^; L'Huillier et a/., 1992, EMBO J., 11, 
4411-8; Lisziewicz et al, 1993, Proc. Natl Acad ScL U. S A, 90, 8000-4; Thompson et al, 
1995, Nucleic Acids Res., 23, 2259; Sullenger & Cech, 1993, Science, 262, 1566). More 
specifically, transcription units such as the ones derived from genes encoding U6 small nuclear 
(snRNA), transfer RNA (tRNA) and adenovirus VA RNA are useful in generating high 
concentrations of desired RNA molecules such as ribozymes in cells (Thompson et al, supra; 
Couture and Stinchcomb, 1996, supra; Noonberg et al, 1994, Nucleic Acid Res., 22, 2830; 
Noonberg et al, US Patent No. 5,624,803; Good et al, 1997, Gene Ther., 4, 45; Beigelman et 
al, Intemational PCT Pubhcation No. WO 96/18736; all of these publications are incorporated 
by reference herein. The above ribozyme transcription units can be incorporated into a variety 
of vectors for introduction into mammalian cells, including but not restricted to, plasmid DNA 

vectors, viral DNA vectors (such as, adenovirus or adeno-assdciatedlarus vector^ or viral 

RNA vectors (such as retroviral or alphavirus vectors) (for a review, see Couture 
Stinchcomh, 1996, supra). 

In yet another aspect, the invention features an expression vector comprising nucleic acid 
sequence encoding at least one of the nucleic acid molecules of the invention, in a manner 
which allows expression of that nucleic acid molecule. The expression vector comprises in one 
embodiment; a) a transcription initiation region; b) a transcription termination region; c) a 
nucleic acid sequence encoding at least one said nucleic acid molecule; and wherein said 
sequence is operably linked to said initiation region and said termination region, in a manner 
which allows expression and/or delivery of said nucleic acid molecule. In another preferred 
embodiment the expression vector comprises: a) a transcription initiation region; b) a 
transcription termination region; c) an open reading frame; d) a nucleic acid sequence encoding 
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at least one said nucleic acid molecule, wherein said sequence is operably linked to the 3 -end 
of said open reading frame; and wherein said sequence is operably linked to said initiation 
region, said open reading frame and said termination region, in a manner which allows 
expression and/or delivery of said nucleic acid molecule. In yet another embodiment, the 
5 expression vector comprises: a) a transcription initiation region; b) a transcription termination 
region; c) an intron; d) a nucleic acid sequence encoding at least one said nucleic acid 
molecule; and wherein said sequence is operably linked to said initiation region, said intron and 
said termination region, in a manner which allows expression and/or delivery of said nucleic 
acid molecule. In another embodiment, the expression vector comprises: a) a transcription 

1 0 initiation region; b) a transcription termination region; c) an intron; d) an open reading frame; 
e) a nucleic acid sequence encoding at least one said nucleic acid molecule, wherein said 
sequence is operably linked to the 3 '-end of said open reading frame; and wherein said 
sequence is operably linked to said initiation region, said intron, said open reading frame and 
said termination region, in a manner which allows expression and/or delivery of said nucleic 

1 5 acid molecule. 

Interferons 

Type I interferons (LFTSf) are a class of natural cytokines that includes a family of greater 
than 25 IFN-a (Pesta, 1986, Methods Enzymol 119, 3-14) as well as IFN-p, and IFN-co. 
Although evolutionarily derived from the same gene (Diaz et aL, 1994, Genomics 22, 540-552), 

20 there are -many differences in Jhe primary sequence- of these, molecules, , implying ..an-. 
' e vol ationaiy diy ergence in biologic activity . All- type I IFN share a conmmqn pattern of biologic - - 
effects that begin with binding of the IFN to the cell surface receptor (Pfeffer & Strulovici, 
1992, Transmembrane secondary messengers for IFN-o/p. In: Interferon, Principles and 
Medical Applications,, S. Baron, D.H. Coopenhaver, F. Ditinzani, W,R. Fleischmann Jr., T.K. 

25 Hughes Jr., G.R. Kimpel, D.W. Niesel, G.L Stanton, and S.K. Tyring, eds. 151-160). Binding 
is followed by activation of tyrosine kinases, including the Janus tyrosine kinases and the 
STAT proteins, which leads to the production of several IFN-stimulated gene products 
(Johnson et al, 1994, Sci, Am. 270, 68-75), The IFN-stimulated gene products are responsible 
for the pleotropic biologic effects of type I IFN, including antiviral, antiproliferative, and 

30 immunomodulatory effects, cytokine induction, and HLA class I and class n regulation (Pestka 
et al, 1987, Annu. Rev, Biochem 56, 727). Examples of IFN-stimulated gene products include 
2-5-oligoadenylate synthetase (2-5 OAS), P2'™croglobulin, neopterin, p68 kinases, and the 
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Mx protein (Chebath & Revel, 1992, The 2-5 A system: 2-5 A synthetase, isospecies and 
functions. In: Interferon, Principles and Medical Applications, S. Baron, D.H. Coopenhaver, 
F. Dianzani, W.R. Jr. Fleischmann, T.K. Jr Hughes, G.R. Kimpel, D.W. Niesel, GJ. Stanton, 
and S.K. Tyring, eds., pp. 225-236; Samuel, 1992, The RNA-dependent Pl/eIF-2a protein 
5 kinase. In: Interferon. Principles and Medical Applications, S. Baron, D.H. Coopenhaver, F. 
Dianzani, W.R. Fleischmann Jr., T.K. Hughes Jr., G.R. Kimpel, D.W. Niesel, G.H. Stanton, 
and S.K. Tyring, eds. 237-250; Horisberger, 1992, MX protein: function and Mechanism of 
Action. In: Interferon, Principles and Medical Applications, S. Baron, D.H. Coopenhaver, F. 
Dianzani, W.R. Fleischmann Jr., T.K. Hughes Jr., G.R. Kimpel, D.W. Niesel, G.H. Stanton, 

1 0 and S.K. Tyring, eds. 215-224). Although all type I IFN have similar biologic effects, not all 
the activities are shared by each type I IFN, and, in many cases, the extent of activity varies 
quite substantially for each IFN subtype (Fish et al, 1989, J. Interferon Res, 9, 97-1 14; Ozes et 
aL, 1992, y. Interferon Res, 12, 55-59). More specifically, investigations into the properties of 
different subtypes of IFN-a and molecular hybrids of IFN-a have shown differences in 

15 pharmacological properties (Rubinstein, 1987, J, Interferon Res. 7, 545-551). These 
pharmacological differences may arise from as few as three amino acid residue changes (Lee et 
al, 1982, Cancer Res, 42, 1312-1316). 

Eighty-five to 166 amino acids are conserved in the known IFN-a subtypes. Excluding 
the DFN-a pseudogenes, there are approximately 25 known distinct IFN-a subtypes. Pairwise 
20 comparisons of these nonallelic subtypes show primary sequence differences ranging from 2% 
to 23%. In addition to the naturally occurring IFNs, a non-natiial recombinant fj^el iiite^ 
known as consensus interferon (CIFiSf) Has been syiiliiesized as a^therapeutic'~compound (Tong 
et al, 1 997, Hepatology 26, 747-754). 

Interferon is currently in use for at least 12 different indications including infectious 
25 and autoimmune diseases and cancer (Borden, 1992, N, Engl J, Med, 326, 1491-1492). For 
autoimmune diseases IFN has been utilized for treatment of rheumatoid arthritis, multiple 
sclerosis, and Crohn's disease. For treatment of cancer IFN has been used alone or in 
combination with a number of different compounds. Specific types of cancers for which IFN 
has been used include squamous cell carcinomas, melanomas, hypernephromas, hemangiomas, 
30 hairy cell leukemia, and Kaposi's sarcoma. In the treatment of infectious diseases, IFNs 
increase the phagocytic activity of macrophages and cytotoxicity of lymphocytes and inhibits 
the propagation of cellular pathogens. Specific indications for which IFN has been used as 



-38- 



CIP 247/282 



treatment include: hepatitis B, human papillomavirus types 6 and 1 1 (i.e. genital warts) 
(Leventhal et al., 1991, N Engl J Med 325, 613-617), chronic granulomatous disease, and 
hepatitis C virus. 

Numerous well controlled clinical trials using IFN-alpha in the treatment of chronic 
5 HCV infection have demonstrated that treatment three times a week results in lowering of 
serum ALT values in approximately 50% (range 40% to 70%) of patients by the end of 6 
months of therapy (Davis et al,, 1989, New England Journal of Medicine 321, 1501-1506; 
Marcellin et aL, 1991, Hepatology 13, 393-397; Tong et al, 1997, Hepatology 26, 747-754; 
Tong et al, Hepatology 26, 1640-1645). However, following cessation of interferon treatment, 

1 0 approximately 50% of the responding patients relapsed, resulting in a "durable" response rate 
as assessed by normalization of serum ALT concentrations of approximately 20 to 25%. In 
addition, studies that have examined six months of type 1 interferon therapy using changes in 
HCV RNA values as a clinical endpoint have demonstrated that up to 35% of patients will have 
a loss of HCV RNA by the end of therapy (Tong et ai, 1997, supra). However, as with the 

1 5 ALT endpoint, about 50% of the patients relapse six months following cessation of therapy 
resulting in a durable virologic response of only 12% (23). Studies that have examined 48 
weeks of therapy have demonstrated that the sustained virological response is up to 25%. 

Ribozymes in combination with IFN have the potential to improve the effectiveness of 
treatment of HCV or any of the other indications discussed above. Ribozymes targeting RNAs 
20 associated with diseases such-as-infeetious-diseasesi autoimmune diseases^ and- caneer,- can be — - 
used individually or iii combination with other- therapies such. as IFN to^tchifeVe enhlSitTd ' 
efficacy. 

Examples 

The following are non-limiting examples showing the selection, isolation, synthesis and 
25 activity of enzymatic nucleic acids of the instant invention. 

The following examples demonstrate the selection of ribozymes that cleave HCV RNA. 
The methods described herein represent a scheme by which ribozymes may be derived that 
cleave other RNA targets required for HCV replication. 

Example 1: Identification of Potential Ribozvme Cleavage Sites in HCV RNA 
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The sequence of HCV RNA was screened for accessible sites using a computer folding 
algorithm. Regions of the mRNA that did not form secondary folding structures and contained 
potential hammerhead and/or hairpin ribozyme cleavage sites were identified. The sequences 
of these cleavage sites are shown in Tables IV-VIQ, and X. 

5 Example 2: Selection of Ribozyme Cleavage Sites in HCV RNA 

To test whether the sites predicted by the computer-based RNA folding algorithm 
corresponded to accessible sites in HCV RNA, 20 hammerhead sites were selected for analysis. 
Ribozyme target sites were chosen by analyzing genomic sequences of HCV (Liput Sequence = 
HPCJTA (Acc#DHl68 & D0117I)) and prioritizing the sites on the basis of folding. 

10 Hammerhead ribozymes were designed that could bind each target (see Figure 1) and were 
individually analyzed by computer folding (Christoffersen et al, 1994 7. Mol Struc. 
Theochem, 311, 273; Jaeger et al, 1989, Proc. Natl Acad. ScL USA, 86, 7706) to assess 
whether the ribozyme sequences fold into the appropriate secondary structure. Those 
ribozymes with unfavorable intramolecular interactions between the binding arms and the 

15 catalytic core were eliminated from consideration. As noted below, varying binding arm 
lengths can be chosen to optimize activity. Generally, at least 5 bases on each arm are able to 
bind to, or otherwise interact with, the target RNA. 

Selection of ribozyme candidates was initiated by scanning for all hammerhead 
cleavage sites in an HCV RNA sequence derived from a patient infected with HCV genotype 

20 lb. The results^of this sequence analysis are shown in Table IH.- As seen by y O^L. 

hammerhead ribozyme sites were identified by this analysis, l^ext, in order to identify 
hammerhead ribozyme candidates that would cleave in the conserved regions of the HCV 
genome, a sequence alignment of approximately 50 HCV isolates from genotypes la, lb, 2a, 
2b, 2g, 3a, 3b, 4a, 5a, and 6 was completed. Within genotype sites were identified that are in 

25 areas having the greatest sequence identity between all isolates examined. This analysis 
reduced the hammerhead ribozyme candidates to about 23 (Table HI). 

Due to the high sequence variability of the HCV genome, selection of ribozymes for 
broad therapeutic applications should probably involve the conserved regions of the HCV 
genome. A list of the thirty-hammerhead ribozymes derived from the conserved regions (5'- 
30 Non-Coding Region (NCR), 5'- end of core protein coding region, and 3'- NCR) of the HCV 
genome is shown in Table IV. In general, ribozymes targeted to sites located in the 5' terminal 
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region of the HCV genome should block translation while ribozymes cleavage sites located in 
the 3' terminal region of the genome should block RNA replication. 

Example 3: Chemical Synthesis and Purification of Ribozymes 

Ribozymes of the hammerhead or hairpin motif were designed to anneal to yarious sites 
5 in the RNA message. The binding arms are complementary to the target site sequences 
described above. The ribozymes were chemically synthesized. The method of synthesis used 
followed the procedure for normal RNA synthesis as described in Usman et al, (1987 / Am. 
Chem. Soc, 109, 7845), Scaringe et al, (1990 Nucleic Acids Res., 18, 5433) and Wincott et al, 
supra, and made use of common nucleic acid protecting and coupling groups, such as 
10 dimethoxytrityl at the 5 -end, and phosphoramidites at the 3'-end. The average stepwise 
coupling yields were >98%. 

Inactive hammerhead ribozymes were synthesized by substituting switching the order 
of GsA6 and substituting a U for Au (numbering from Hertel et al, 1992 Nucleic Acids Res., 
20, 3252), Hairpin ribozymes were synthesized in two parts and annealed to reconstruct the 

15 active ribozyme (Chowrira and Burke, 1992 Nucleic Acids Res., 20, 2835-2840). Ribozymes 
were also synthesized from DNA templates using bacteriophage T7 RNA polymerase (Milligan 
and Uhlenbeck, 1989, Methods EnzymoL 180, 51). Ribozymes were modified to enhance 
stability by modification with nuclease resistant groups, for example, 2'-amino, 2'-C-allyl, 2'- 
flouro, 2'-0-methyl, 2'-H (for a review, see Usman and Cedergren, 1992 TIBS 17, 34). 

20 Ribozymes were purified by gel electrophoresis using general- methods or were purifigd bj^W - 
pressure liquid chromatography (HPLC; see: Wincott et al., 5wprfl; the totality of which is 
hereby incorporated herein by reference) and were resuspended in water. The sequences of the 
chemically synthesized ribozymes used in this study are shown below in Tables IV -X. 

Example 4: Ribozyme Cleavage of HCV RNA Target in vitro 

25 Ribozymes targeted to the HCV are designed and synthesized as described above. These 

ribozymes can be tested for cleavage activity in vitro, for example, using the following 
procedure. The target sequences and die nucleotide location within the HCV are given in 
Table IV. 
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Cleavage Reactions: Full-length or partially full-length, internally-labeled target RNA 
for ribozyme cleavage assay is prepared by in vitro transcription in the presence of [ --^^p] 
CTP, passed over a G 50 Sephadex® column by spin chromatography and used as substrate 

RNA without further purification. Alternately, substrates are S'-^^T-Qxid labeled using T4 
5 polynucleotide kinase enzyme. Assays are performed by pre-warming a 2X concentration of 
purified ribozyme in ribozyme cleavage buffer (50 mM Tris-HCl, pH 7.5 at 37°C, 10 mM 
MgCl2) and the cleavage reaction was initiated by adding the 2X ribozyme mix to an equal 
volume of substrate RNA (maximum of 1-5 nM) that was also pre-warmed in cleavage buffer. 

o 

As an initial screen, assays are carried out for 1 hour at 37 C using a final concentration of 
10 either 40 nM or 1 mM ribozyme, i.e., ribozyme excess. The reaction is quenched by the 
addition of an equal volume of 95% formamide, 20 mM EDTA, 0.05% bromophenol blue and 

o 

0.05% xylene cyanol after which the sample is heated to 95 C for 2 minutes, quick chilled and 
loaded onto a denaturing polyacrylamide gel Substrate RNA and the specific RNA cleavage 
products generated by ribozyme cleavage are visuaHzed on an autoradiograph of the gel. The 

1 5 percentage of cleavage is determined by Phosphor Imager® quantitation of bands representing 
the intact substrate and the cleavage products. 

Example 5: Abilitv of HCV Ribozvmes to Cleave HCV RNA in patient serum. . 

Ribozymes targeting sites in HCV RNA were synthesized using modifications that confer 
- nuclease resistance (Beigelman, 1995, J. Biol: Chem, 270, 25702). It has been-well documented 

20 that serum from chronic hepatitis C patients contains on average 3 x 10^ c6pes/M -of 'HCV ^^ 
RNA. To further select ribozyme product candidates, the 30 HCV specific ribozymes are 
characterized for HCV RNA cleavage activity utilizing HCV RNA isolated from the serum of 
genotype lb HCV patients. The best candidates from theHCV genotype lb screen will be 
screened against isolates from the wide range of HCV genotypes including la, lb, 2a, 2b, 2c, 

25 3a, 3b, 4a, 5a, and 6. Therefore, it is possible to select ribozyme candidates for further 
development based on their ability to broadly cleave HCV RNA from a diverse range of HCV 
genotypes and quasi-species. 

Example 6: Ribozvme Cleavage of Conserved HCV RNA Target Sites in vitro 

There are three regions of the genome that are highly conserved, both within a genotype 
30 and across different genotypes. These conserved sequences occur in the 5' and 3' non-coding 
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regions (NCRs) as well as the 5 '-end of the Core Protein coding region. These regions are 
thought to be important for HCV RNA replication and translation. Thus, therapeutic agents 
that target these conserved HCV genomic regions may have a significant impact over a wide 
range of HCV genotypes. The presence of quasi-species, and the potential for infection with 
5 more than one genotype makes this a critical feature of an effective therapy. Moreover, it is 
unlikely that drug resistance will occur, since mutations that have been suggested to lead to 
drug resistance typically do not occur within these highly conserved regions. In order to target 
multiple genotypes and decrease the chance of developing drug resistance, Applicant has 
designed ribozymes that cleaye in regions of identity within the conserved regions discussed 
10 above. 

Sequence alignments were performed for the 5' NCR, the 5' end of the Core Protein 
coding region, and the 3' NCR. For the 5' NCR, 34 different isolates representing genotypes 
la, lb, 2a, 2b, 2c, 3a, 3b, 4a, 4f, and 5a were aligned. The alignments included the sequences 
from nucleotide position 1 to nucleotide position 350 (18 nucleotides downstream of the 
1 5 initiator ATG codon), using the reported sequence "HPCKISI" as the reference for numbering. 
For the Core Protein coding region, 44 different isolates representing genotypes la, lb, 2a, 2b, 
2c, 3a, 3b, 4a, 4c, 4f, 5a, and 6a were aligned. These alignments included 600 nucleotides, 
beginning 8 nucleotides upstream of the initiator ATG codon. As the reference for numbering, 
the reported sequence "HPCCOPR" was used, with the "C" eight nucleotides upstream of the 
20 initiator codon ATG designated as "1". For the 3' NCR region, 20 different isolates 

representing genotypes lb, 2a, 2b; 3a, and 3b were aligned.- These-alignments -included- 

. sequences in -the"3'.:teniiinal '235- nucleotides-o sequence- 
"D85516" used as the reference for numbering, and the 235* nucleotide from the 3' end 
designated as"!". 

25 During analysis of the alignments of each region, each sequence was compared to the 

respective reference sequence (identified above), and regions of identity across all isolates were 
determined. All potential ribozyme sites were identified in the reference sequence. The 
highest priority for choosing ribozyme sites was that the site should have 100% identity across 
all isolates aligned, at every position in both the cleavage site and binding arms. Ribozyme sites 

30 that met these criteria were chosen. In addition, two specific allowances were made as follows. 
1) If a potential ribozyme site had 100% sequence identity at all except one or two nucleotide 
positions, then the actual nucleotide at that position was examined in the iso]ate(s) that 
differed. If that nucleotide was such that a ribozyme designed to allow *'G:U wobble" base- 
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paring could function on all the isolates, then that site was chosen. 2) If a potential ribozyme 
site had 100% sequence identity at all except one or two nucleotide positions, then the 
genotype of the isolate which contained the differing nucleotide(s) was examined. If the 
genotype of the isolate that differed was of extremely rare prevalence, then that site was also 
5 chosen. 

Ribozyme sites identified and referred to below use the following nomenclature: "region 
of the genome in which the site exists" followed by "nucleotide position 5' to the cleavage site" 
(according to the reference sequence and numbering described above). For example, a 
ribozyme cleavage site at nucleotide position 67 in the 5' NCR is designated "5-67", and a 
1 0 ribozyme cleavage site at position 48 in the core coding region is designated "c48". 

A number of these ribozymes were screened in an in vitro HCV cleavage assay to select 
appropriate ribozyme candidates for cell culture studies. The ribozymes selected for 
screening targeted the 5' UTR region that is necessary for HCV translation. These sites are all 
conserved among the 8 major HCV genotypes and 18 subtypes, and have a high degree of 

1 5 homology in every HCV isolate that was used in the analysis described above. HCV RNA of 
four different genotypes (lb, 2a, 4, and 5) were isolated from human patients and the 5' HCV 
UTR and 5' core region were amplified using RT-PCR. Run-off transcripts of the 5' HCV 
tFTR region (--750 nt transcripts) were prepared from the RT-PCR products, which contained a 
T7 promoter, using the T7 Megascript® transcription kit and the manufacturers protocol 

20 (Ambion, Inc.), Ifeincorporated nucleotides are removedby-spin column^filtration-on BiQTGel — 

/:r P-60 resin (BioJRad)r ^e. futeipd transcript.w^ 

Kinase (Boehringer/Mannheim) and 150p.Ci/)il Gamma-32P-ATP (NEN) using the enzyme 
manufacturer's protocol. The kinased transcript is spin purified again to remove 
unincorporated Gamma-32P-ATP and gel purified on 5% polyacrylamide gel. 

25 Ribozymes targeting various sites from Table IV were selected and tested on the 5 ' HCV 

UTR transcript sequence to test the efficiency of RNA cleavage. 15 ribozymes were 
synthesized as previously described (Wincott et aL, supra). 

Assays were performed by pre-warming a 2X (2 \xM ) concentration of purified ribozyme 
in ribozyme cleavage buffer (50mM TRIS pH 7,5, lOmM MgCh 10 units RNase Inhibitor 
30 (Boehringer/Mannheim), lOmM DTT, 0.5(ig tRNA) and the cleavage reaction was initiated by 
adding the 2X ribozyme mix to an equal volume of substrate RNA (17.46 pmole final 
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] concentration) that was also pre-warmed in cleavage buffer. The assay was carried out for 24 

o 

hours at 37 C using a final concentration of 1 |iM ribozyme, /.e., ribozyme excess. The 
reaction was quenched by the addition of an equal volume of 95% formamide, 20 mM EDTA, 

0.05% bromophenol blue and 0.05% xylene cyanol after which the sample is heated to 95°C for 
5 2 minutes, quick chilled and loaded onto a denaturing polyacrylamide gel. Substrate RNA and 
the specific RNA cleavage products generated by ribozjone cleavage are visualized on an 

autoradiograph of the gel. The percentage of cleavage is determined by Phosphor Imager® 
quantitation of bands representing the intact substrate and the cleavage products. 

Observed cleavage fragment sizes from the gels are correlated to predicted fragment 
1 0 sizes by comparison to the RNA marker. The optical density of expected cleavage fragments 
are determined from the phosphorimage plates and ranked from highest density, indicating the 
most cleavage product, to lowest of each genotype of HCV transcript tested. The top 3 
cleaving ribozymes (out of 15 riboTymes tested) are given ranking values of 5, the next 3 
highest densities are given ranking values of 4, etc. for every genotype tested. The ranking 
15 values for each ribozyme are averaged between the genotypes tested. Individual and average 
ribozyme ranking values are graphed and compared. The results (figure 2) demonstrate that 
many of these tested ribozymes are able to give high levels of cleavage regardless of genotype. 
In particular, ribozymes targeting site HCV.5-258, HCV.5-294, HCV.5-313 (Sakamoto et al, J 
Clinical Investigation 1996 98(12):2720-2728), and HCV.5-318 (Table IV) appear to 
_2 0 . ^ denaonstoafe a .QQnsistjeijt_pattern,^^^ ^ 

Example 7:Inhibition of Luciferase Activity Using HCV Targeting Ribozvmes in 0ST7 CelTs 

The capability of ribozymes to inhibit HCV RNA intracellularly was tested using a 
dual reporter system that utilizes both firefly and Renilla luciferase (figure 3). The ribozymes 
targeted to the 5' HCV UTR region, which when cleaved, would prevent the translation of the 

25 transcript into luciferase, OST-7 cells were plated at 12,500 cells per well in black walled 96 
well plates (Packard) in medium DMEM containing 10% fetal bovine serum, 1% pen/strep, and 
1% L-glutamine and incubated at 37°C overnight. A plasmid containing T7 promoter 
expressing 5' HCV UTR and firefly luciferase (T7C1-341 (Wang et aL, 1993, 1 of Virol, 67, 
3338-3344)) was mixed with a pRLSV40 Renilla control plasmid (Promega Corporation) 

30 followed by ribozyme, and cationic lipid to make a 5X concentration of the reagents (T7C1- 
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341 (4 ^g/ml), pRLSV40 renilla luciferase control (6|Lig/inl), ribozyme (250 nM); transfection 
reagent (28.5^Lg/ml). 

o 

The complex mixture was incubated at 37 C for 20 minutes. The media was removed 
from the cells and 120 ^\ of Opti-mem media was added to the well followed by 30 jil of the 
5 5X complex mixture. 150 \il of Opti-mem was added to the wells holding the untreated cells. 
The complex mixture was incubated on OST-7 cells for 4 hours, lysed with passive lysis buffer 
(Promega Corporation) and luminescent signals were quantified using the Dual Luciferase 
Assay Kit using the manufacturer's protocol (Promega Corporation). The ribozyme sequences 
used are given in Table IV. The ribozymes used were of the hammerhead motif The 

10 hammerhead ribozymes were chemically modified such that the ribozyme consists of ribose 
residues at five positions (see for example Figure 7); position 4 has either 2*-C-allyI or 2'- 
amino modification; position 7 has either 2 -amino modification or 2-O-methyl modification; 
the remaining nucleotide positions contain 2-O-methyl substitutions; four nucleotides at the 5' 
terminus contains phosphorothioate substitutions. Additionally, the 3' end of the ribozyme 

15 includes a 3-3* linked inverted abasic moiety (abasic deoxyribose; iH). The data (figure 4) is 
given as a ratio between the firefly and Renilla luciferase fluorescence. All of the ribozymes 
targeting 5' HCV UTR were able to reduce firefly luciferase signal relative to renilla 
luciferase. 

Example 9: Ribozyme Mediated Inhibition of Luciferase Activity Compared to its Inactive 
20 Control in OST-7 Cells 

The dual reporter system described above was utilized to determine the level of 
reduction of luciferase activity mediated by a ribozyme compared to its inactive control. 
Ribozymes, having the chemical composition described in the previous example, to sites HCV 
313 and 318 (Table IV) and their inactive controls were synthesized as above. The inactive 
25 control has the same nucleotide base composition as the active ribozyme but the nucleotide 
sequence has been scrambled. The protocols utilized for tissue culture and the luciferase assay 
was exactiy as given in Example 8 except the ribozyme concentration in the 5X complex 
mixture was 1 mM (final concentration on the cells was 200 nM). 

The results are given in figure 5, The ribozyme targeting HCV.5-318 was able to 
30 greatly reduce firefly luciferase activity compared to the untreated and inactive controls. The 
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ribozyme targeting HCV.5-313 was able to slightly reduce firefly luciferase activity compared 
to the inactive control. 

Example 10: Ribozyme inhibition of Viral Replication 

During HCV infection, viral RNA is present as a potential target for ribozyme cleavage 
5 at several processes: uncoating, translation, RNA replication and packaging. Target RNA may 
be more or less accessible to ribozyme cleavage at any one of these steps. Although the 
association between the HCV initial ribosome entry site (IRES) and the translation apparatus is 
mimicked in the HCV 5'UTR/luciferase reporter system (Example 9), these other viral 
processes are not represented in the 0ST7 system. The resulting RNA/protein complexes 
1 0 associated with the target viral RNA are also absent. Moreover, these processes may be coupled 
in an HCV-infected cell which could further impact target RNA accessibility. Therefore, we 
tested whether ribozymes designed to cleave the HCV 5'UTR could effect a replicating viral 
system. 

Recently, Lu and Winmier characterized an HCV-poliovirus chimera in which the 
1 5 poliovirus IRES was replaced by the IRES from HCV (Lu & Wimmer, 1996, Proc, Natl Acad, 
Sci. USA. 93, 1412-1417). Poliovirus (PV) is a positive strand RNA virus like HCV, but unlike 
HCV is non-enveloped and replicates efficiently in cell culture. The HCV-PV chimera 
expresses a stable, small plaque phenotype relative to wild type PV. 

_ . _ The folloTOng ribbzymes were synthesized for the expfeHment (Tabfe VlH 
20 ' • Mg^tirig "site 183 (3 "'5 '-end" jpS ' linkage^), ' scrSniBlSS .cdntrol 'f§'!^§itg^' T^''^'^''^'^'7^'^/:^ 

ribozyme to site 318 (3 5 '-end phosphorothioate linkages), ribozyme targeting site 183 (4 5'- 
end phosphorothioate linkages), inactive ribozyme targeting site 183 (4 5 '-end 
phosphorothioate linkages). ' HeLa cells were infected with the HCV-PV chimera for 30 
minutes and immediately treated with ribozyme. HeLa cells were seeded in U-bottom 96-well 
25 plates at a density of 9000-10,000 cells/well and incubated at 37°C under 5% CO2 for 24 h. 
Transfection of ribozyme (200 nM) was achieved by mixing of lOX ribozyme (2000 nM) and 
lOX of a cationic lipid (80 ^ig/ml) in DMEM (Gibco BRL) with 5% fetal bovine serum (FBS). 
Ribozyme/lipid complexes were allowed to incubate for 15 minutes at 37°C under 5% CO2. 
Medium was aspirated from cells and replaced with 80 \ils of DMEM (Gibco BRL) with 5% 
30 FBS serum, followed by the addition of 20 |ils of lOX complexes. Cells were incubated with 
complexes for 24 hours at 37'*C under 5% CO2 . 
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The yield of HCV-PV from treated cells (Fig. 6A) was quantified by plaque assay. The 
plaque assays were performed by diluting virus samples in serum-free DMEM (Gibco BRL) 
and applying 100 \i\ to HeLa cell monolayers (--80% confluent) in 6-well plates for 30 minutes. 
Infected monolayers were overlayed with 3 ml 1.2% agar (Sigma) and incubated at 37°C under 
5 5% CO2. Two - three days later the overlay was removed, monolayers were stained with 1.2% 
crystal violet, and plaque forming units were counted. The data is shown in figure 6A. 
Ribozymes to site 183 (after the full-length HCV clone was obtained site 183 now corresponds 
to site 195) inhibited HCV-PV replication by >80% (P < 0.05) compared to the scrambled 
control (Fig. 6A, first two bars). In addition, 3 or 4 phosphorothioate stabilization was equally 
1 0 effective (P < 0.05 vs. control for each) in inhibiting viral replication (compare 1^' and 4* bar in 
Fig. 6A). Ribozymes to the 318 site also had a statistically significant (P < 0.05), effect on 
viral replication (compare 2"*^ and 3"^ bar in Fig. 6A). 

To confirm that a ribozyme cleavage mechanism was responsible for the inhibition of 
HCV-PV replication observed, HCV-PV infected cells were treated with ribozymes to site 1 83 

15 that maintained binding arm sequences but contained a mutation in the catalytic core to 
attenuate cleavage activity (Table I). Viral replication in these cells was not inhibited 
compared to cells treated with the scrambled control ribozyme (Fig. 6A, 4* and 5* bar), 
indicating that ribozyme cleavage activity was required for the inhibition of HCV-PV 
replication observed. In addition, ribozymes targeting site 1 83 of the HCV 5'UTR had no effect 

20 on wild type PV rephcation (Fig. 6B). These data provide evidence that the ribozyme-mediated 
- inhibition of HCV-PV rephcation was dependent "upon the HCV 5 ' UTR'md nor 

; ' -inhibition-of PV repUcafipn. _ ; ' " ' ]''] v '"''■f''!"^*:™'' ''^^'^^'^''^''^T^-^tLt.: 

Ribozymes to site 183 were also tested for the ability to inhibit HCV-PV replication 
during a single infectious cycle in HeLa cells (Fig. 8). Cells treated with ribozyme to site 183 
25 (7/4 format) produced significantly less virus than cells treated with the scrambled control 
(>80% inhibition at 8h post infection, P < 0.001). 

Example 11: Shortening of Ribozyme lengths. 

All the ribozymes described in example 10 above contained 7 nucleotides on each 
binding arms and contained a 4 base-paired stem 11 element (7/4 format). For pharmaceutical 
30 manufacture of a therapeutic ribozyme it is advantageous to minimize sequence length if 
possible. Thus ribozymes to site 183 were shortened by removing the outer most nucleotide 
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from each binding arm such that the ribozyme has six nucleotides in each binding arm and the 
stem n region is four base-paired long (6/4 format); removing one base^pair (2 nucleotides) in 
stem n resulting in a 3 base-paired stem n (7/3 format); or removing one nucleotide from each 
binding arm and shortening the stem II by one base-pair (6/3 format). (See Figure 7 for a 
5 schematic representation of each of these ribozymes). Ribozymes in all tested formats gave 
significant inhibition of viral repUcation (Fig. 8) with the 7/4, 7/3 and 6/3 formats being almost 
identical at the 8h timepoint (P < 0.001 across time course for all formats). The shortest 
ribozyme tested (6/3 format) was slightly more efficacious (>90% inhibition, P < 0.001) than 
the 7/4 ribozyme (-80% inhibition, P < 0.001). The 6/3 ribozyme may have a greater ability to 
1 0 access site 1 83 in the HCV-PV chimera. 



Example 12: Combination Therapy of HCV Ribozymes and Interferon 

HeLa cells (10,000 cells per well) were pre-treated with 12.5 Units/ml of Interferon alpha 
in complete media (DMEM + 5% FBS) or pre-treated with complete media alone for 4 hours 

1 5 and then infected with HCV-PV at an MOI = 0.1 for 30 minutes. The viral inoculum was then 
removed and 200 nM ribozyme targeted to HCV site 183 (Rz) or binding attenuated control, 
which has mutations in the catalytic core of the ribozyme that severely attenuates the activity of 
the ribozyme, (BAC) was delivered using cationic lipid in complete media for 24 hours. After 
24 hours, the cells were lysed three times by freeze/thaw to release virus and virus was 

"20 quantified by plajjue assay. Viral yieldjs shown ^s mean plaque fpipiing 

+ SEM. The data is shown in figure 10. ' 

Pre-treatment with interferon (IFN) reduces the viral yield by -10'* in control treated 
cells (BAC+IFN versus BAC). Ribozyme treated cells produce 2x10*^ less virus than control- 
treated cells (Rz versus BAC). The combination of Rz and IFN treatment results in a 
25 synergistic 4 x 10'^ reduction in viral yield (Rz+IFN versus BAC). An additive effect would 
result in only a 3 x 10"* reduction (1 x 10'* + 2 x 10"*). 
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- ^ Example-! 3 : Inhibition of Hepatitis C virus - Using- various Ribozvme Motifs _ 

A number of varying ribozyme motifs (RPI motifs HH; Figure 9), were tested for their 
ability to inhibit HCV propagation in tissue culture. An example of RPI motif I (G-cleaver) is 
described in Kore et aL, 1998, Nucleic Acids Research 26, 41 16-4120, while an example of RPI 
5 motif n (Inozyme) is described in Ludwig & Sproat, International PCT Publication No. WO 
98/58058), RPI motif HI is a new ribozyme motif which applicant has recently developed and 
an example of this motif was tested herein. 

0ST7 cells were maintained in Dulbecco's modified Eagle's medium (GIBCO BRL) 
supplemented with 10% fetal calf serum, L-glutamine (2mM) and penicillin/streptomycin. For 

1 0 transfections, 0ST7 cells were seeded in black-walled 96-well plates (Packard Instruments) at a 
density of 12,500 cells/well and incubated at 37°C under 5% CO2 for 24 hours. Co-transfection 
of target reporter HCVT7C (0.8 g/ml), control reporter pRLSV40, (1 .2 |ig/ml) and ribozyme, 
50-200 nM was achieved by the following method: a 5X mixture of HCVT7C (4 |Lig/ml), 
pRLSV40 (6 ixg/mi), ribozyme (250-1000 nM) and cationic lipid (28.5 |ag/ml) was made in 150 

15 fils of OPTI-MEM (GEBCO BRL) minus serum. Reporter/ribozyme/lipid complexes were 
allowed to form for 20 minutes at 37°C under 5% CO2. Medium was aspirated from 0ST7 cells 
and replaced with 120 |als of OPTI-MEM (GIBCO BRL) minus serum, immediately followed ^ 
by the addition of 30 jils of 5X reporter/ribozyme/lipid complexes. Cells were incubated with 
complexes for 4 hours at 37°C under 5% CO2 . Luciferase assay was performed as described in 
: 20 example 7. The data is summarized in Table IX,: with each,moti£s,results listedTalong-withhitSr , - 
control. All of the ribozyme motifs were able to reduce the amount of HCV produced by the 
cells compared to the ribozymes not targeted to any HCV (irrelevmt controls). 



Example 14: General Protocol for Virus Infection and Ribozyme Delivery 

25 HeLa cells were seeded in 96-well plates at a density of 9000-10,000 cells/well and 

incubated at 37*^0 under 5% CO2 for 24 h. Cells were infected with HCV-PV at an MOI = 0.1 
for 30 min. Transfection of ribozyme or control oligonucleotides (200 nM final) was achieved 
by mixing of 5X ribozyme or control oligonucleotides (1000 nM) and 5X cationic -lipid (40 
)ig/ml at 5X, 800 ng/well final) in DMEM with 5% fetal bovine serum (FBS) in U-bottom 96- 

30 well plates. RibozymeAipid complexes were allowed to incubate for 15 min at 37°C under 5% 
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Medium jwas-aspirated from cel^ of DMEM_with 5% JEBS.serum, _ _ 

followed by the addition of 20 ixl of 5X complexes. Cells were incubated with complexes for 
24 h at 37°C under 5% CO?. After 24 h cells were lysed by three freeze/thaw cycles to release 
virus and virus was quantified by plaque assay. 



Example 15: General Protocol for HCV plague assay 

Virus samples were diluted in serum-free DMEM and 100 jxl applied to HeLa cell 
monolayers (-80% confluent) in 6-well plates for 30 min. Infected monolayers were overlayed 
with 3 ml 1.2% agar (Sigma, St. Louis, MO) and incubated at 37°C under 5% CO2. When 
10 plaques were visible (after two to three days) the overlay was removed, monolayers were 
stained with 1.2% crystal violet, and plaque forming units were counted. 

Example 16: Inhibition of Hepatitis C virus Using other Ribozyme Directed Against the HCV 
minus strand 

1 5 HeLa cells in 96-well plates were infected with a chimeric Hepatitis C-Poliovirus (HCV- 

PV) at a multiplicity of infection (MOI) of 0.1. Virus inoculum was then replaced with media 
containing 5% serum and 200 nM ribozyme (Table X) or scrambled attenuated control (SAC), 
' as indicated, complexed to cationic lipid. After 24 h cells were* lysed 3 times By'freeziS^tbaw^ 
and virus was quantified by plaque assay. Results are summarized in Figures 11 and 12. 

20 Plaque forming units (pfii)/ml are shown as the mean of triplicate samples + S.D. 



Example 17: Dose Response of Ribozyme Directed Against the HCV minus strand 

Cells were infected and treated with ribozyme as described in Example 16 except that 
various amounts (as indicated) of anti-HCV ribozyme RPI. 15006 was mixed with a control 
25 oligonucleotide (SAC) to maintain a constant 200 nM total dose of nucleic acid for delivery. 
Figure 13 shows the results of this study that demonstrates an effective dose response in cells 
to treatment with a ribozyme directed against the HCV minus strand. 
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Example 18: Dose Response of Ribozvme Directed Against the HCV plus strand combined 
with Ribozvmes targeting the HCV minus strand 

Cells were infected and treated with ribozyme as described in Example 16 except that 
5 various amounts (as indicated) of anti-HCV ribozyme RPI.13919, targeting the plus strand, was 
mixed with ribozymes targeting the minus strand, as noted, to maintain a constant 200 nM total 
dose of nucleic acid for delivery. Figure 14 shows the results of this study that demonstrates an 
effective dose response in cells to treatment with a ribozyme (RPI 13919) directed against the 
HCV plus strand combined with a ribozyme targeting the HCV minus strand (RPI 14975). 

10 

Example 19: Inhibition of HCV in vivo 

Ribozyme directed reduction of HCV in vivo was examined in a mouse model, generally 
described in Vierling, International PCT Publication No. WO 99/16307, using HCV RNA as an 
endpoint. The study compared mice treated with ribozymes compared to scrambled-attenuated- 
1 5 core ribozymes (SAC) and saline controls. Active ribozyme and SAC were dosed from day 5 
through 20 post-transplant. Various modes of analysis were used including ANOVA of raw 
quantitative HCV RNA, Dunnett's of raw quantitative HCV RNA, ANOVA of log^Q 
" ~ quantitafiVrHCV llNSr'DSmett'^ I5gi;o;';;$j^^ S^tSre^df " 

qualitative results (HCV RNA H-). Treatmenf with active ribozyme (RPI 13918), resut^^^ 
20 significant reduction of HCV RNA at 12 and 16 days using quantitative analysis (p<P.05 by 
Dunnett's using the log^o transformed HCV RNA results for all observations). The use of 
qualitative assessment, by converting the quantitative data into positive or negative results, 
confirmed with same trend. This study suggests that treatment with active anti-HCV ribozymes 
results in a significant reduction in HCV RNA in a trimeric mouse model. 

25 

CELL CULTURE ASSAYS 



Although there have been reports of replication of HCV in cell culture (see below), these 
systems are difficult to replicate and have proven unreliable. Therefore, as was the case for 
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- development of other - anti-HCV therapeutics- -such - interferon - and- ribavirin, - after 

demonstration of safety in animal studies applicant can proceed directly into a clinical 
feasibility study. 

Several recent reports have documented in vitro growth of HCV in human cell lines 
(Mizutani et al, Biochem Biophys Res Commun 1996 227(3):822-826; Tagawa et ai, Journal 
of.Gasteroenterology and Hepatology 1995 10(5):523-527; Cribier et al, Journal of General 
Virology 76(10):2485-2491; Seipp e/a/.. Journal of General Virology 1997 78(10)2467-2478; 
lacovacci et al. Research Virology 1997 148(2): 147-151; locavacci et al, Hepatology 1997 
26(5) 1328-1337; Ito et al. Journal of General Virology 1996 77(5): 1043-1054; Nakajima et 
al, Journal of Virology 1996 70(5):3325-3329; Mizutani et al. Journal of Virology 1996 
70(10):7219-7223; Valli et al, Res Virol 1995 146(4): 285-288; Kato et aL, Biochem Biophys 
Res Comm 1995 206(3): 863-869). Replication of HCV has been demonstrated in both T and B 
cell lines as well as cell lines derived from human hepatocytes. Demonstration of replication 
was documented using either RT-PCR based assays or the b-DNA assay. It is important to note 
that the most recent publications regarding HCV cell cultures document replication for up to 6- 
months. 

In addition to cell lines that can be infected with HCV, several groups have reported 
the successful transformation of cell lines with cDNA clones of full-length or partial HCV 
genomes (Harada et al. Journal of General Virology 1995 76(5)1215-1221; Haramatsu et al, 

Journal of ViralMepatitis^l991.-ASiiy£l^^^^ 

15 1(2):363-373; Mizuno Gasteroenierplogy 1 995 109(6):1 933-40; Yoo;e|:a/:,:^^ - 
Virology 1995 69{\)\32-2%), 



ANIMAL MODELS 

The best characterized animal system for HCV infection is the chimpanzee. Moreover, 
the chronic hepatitis that results from HCV infection in chimpanzees and humans is very 
similar. Although clinically relevant, the chimpanzee model suffers from several practical 
impediments that make use of this model difficult. These include; high cost, long incubation 
requirements and lack of sufficient quantities of animals. Due to these factors, a number of 
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—groups have attempted to develop-rodent models of Ghronic-hepatitis G-infection. While direct — 

infection has not been possible several groups have reported on the stable transfection of either 
portions or entire HCV genomes into rodents (Yamamoto et al, Hepatology 1995 22(3): 847- 
855;Galun et ai, Journal of Infectious Disease 1995 172(l):25-30; Koike et al, Journal of 
5 General Virology 1995 76(12)3031-3038; Pasquinelli et al, Hepatology 1997 25(3): 719-727; 
Hayashi et al, Princess Takamatsu Symp 1995 25:1430149; Mariya K, Yotsuyanagi H, 
Shintani Y, Fujie H, Ishibashi K, Matsuura Y, Miyamura T, Koike K, Hepatitis C virus core 
protein induces hepatic steatosis in transgenic mice. Journal of General Virology 1997 78(7) 
1527-1531; Takehara et al, Hepatology 1995 21(3):746-751; Kawamura et al, Hepatology 
10 1997 25(4): 1014-1021). In addition, transplantation of HCV infected human liver into 
immunocompromised mice results in prolonged detection of HCV RNA in the animal's blood. 

Vierling, Intemational PCT Publication No. WO 99/16307, describes a method for. 
expressing hepatitis C virus in an in vivo animal model. Viable, HCV infected human 
hepatocytes are transplanted into a liver parenchyma of a scid/scid mouse host. The scid/scid 
1 5 mouse host is then maintained in a viable state, whereby viable, morphologically intact human 
hepatocytes persist in the donor tissue and hepatitis C virus is replicated in the persisting 
human hepatocytes. This model provides an effective means for the study of HCV inhibition 
by ribozymes in vivo. 

Diagnostic uses 

20 _ ... Ribozyrnes;of;this^jmv.entio%tr|iayi^^^^ 

mutations within diseased cells or to detect the presence of HCV RNA in a cell. The close 
relationship between ribozynje activity and the structure of the target RNA allows the detection 
of mutations in any region of the molecule, which alters the iase-pairing and three-dimensional 
structure of the target RNA. By using multiple ribozymes described in this invention, one may 

25 map nucleotide changes, which are important to RNA structure and function in vitro, as well as 
in cells and tissues. Cleavage of target RNAs with ribozymes may be used to inhibit gene 
expression and define the role (essentially) of specified gene products in the progression of 
disease. In this manner, other genetic targets may be defined as important mediators of the 
disease. These experiments will lead to better treatment of the disease progression by affording 

30 the possibility of combination therapies (e.g., multiple ribozymes targeted to different genes, 
ribozymes coupled with known small molecule inhibitors, or intermittent treatment with 
combinations of ribozymes and/or other chemical or biological molecules). Other in vitro uses 
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- - -of ribozymes of 4his4nvention-are well-known in th^ — 

of mRNAs associated with HCV related condition. Such RNA is detected by determining the 
presence of a cleavage product after treatment with a ribozyme using standard methodology. 

In a specific example, ribozymes which can cleave only wild-type or mutant forms of the 
5 target RNA are used for the assay. The first ribo2yme is used to identify wild-type RNA 
present in the sample and the second ribozyme can be used to identify mutant RNA in the 
sample. As reaction controls, synthetic substrates of both wild-type and mutant RNA can be 
cleaved by both ribozymes to demonstrate the relative ribozyme efficiencies in the reactions 
and the absence of cleavage of the "non-targeted" RNA species. The cleavage products from 

1 0 the synthetic substrates can also serve to generate size markers for the analysis of wild-type and 
mutant RNAs in the sample population. Thus each analysis can involve two ribozymes, two 
substrates and one unknown sample which will be combined into six reactions. The presence 
of cleavage products can be determined using an RNase protection assay so that full-length and 
cleavage fragments of each RNA can be analyzed in one lane of a polyacrylamide gel. It is not 

1 5 absolutely required to quantify the results to gain insight into the expression of mutant RNAs 
and putative risk of the desired phenotypic changes in target cells. The expression of mRNA 
whose protein product is implicated in the development of the phenotype (/.e., HCV) is 
adequate to establish risk. If probes of comparable specific activity are used for both 
transcripts, then a qualitative comparison of RNA levels will be adequate and will decrease the 

20 cost of the initial diagnosis. Higher mutant form to wild-type ratios will be correlated with 
■ Wgherrisk whefherRNA'ie^^^ 



Additional Uses 

Potential usefulness of sequence-specific enzymatic nucleic acid molecules of the 
25 instant invention might have many of the same applications for the study of RNA that DNA 
restriction endonucleases have for the study of DNA (Nathans et al., 1975 Ann. Rev, Biochem, 
AA:2iy). For example, the pattern of restriction fragments could be used to estabhsh sequence 
relationships between two related RNAs, and large RNAs could be specifically cleaved to 
fragments of a size more useful for study. The ability to engineer sequence specificity of the 
30 enzymatic nucleic acid molecule is ideal for cleavage of RNAs of unknown sequence. 
Applicant describes the use of nucleic acid molecules to down-regulate gene expression of 
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target genes in -bacterial, -microbial, ^^^-to _ 

mammalian cells. 

• All patents and publications mentioned in the specification are indicative of the levels of 
skill of those skilled in the art to which the invention pertains. All references cited in this 
5 disclosure are incorporated by reference to the same extent as if each reference had been 
incorporated by reference in its entirety individually. 

One skilled in the art would readily appreciate that the present invention is well adapted 
to carry out the objects and obtain the ends and advantages mentioned, as well as those inherent 
therein. The methods and compositions described herein as presently representative of 
1 0 preferred embodiments are exemplary and are not intended as limitations on the scope of the 
invention. Changes therein and other uses will occur to those skilled in the art, which are 
encompassed within the spirit of the invention, are defined by the scope of the claims. 

It will be readily apparent to one skilled in the art that varying substitutions and 
modifications may be made to the invention disclosed herein without departing jfrom the scope 
1 5 and spirit of the invention. Thus, such additional embodiments are within the scope of the 
present invention and the following claims. 

The invention illustratively described herein suitably may be practiced in the absence of 
any element or elements, limitation or limitations which is not specifically disclosed herein. 
Thus', for example, in each instance herein any of the terms "comprising", "consistmg^^^^^^^^ 

2Q essentially of and "consisting of may be replaced with either of the other two terms. THe 
terais and expressions which have been employed are used as terms of description and not of 
limitation, and there is no intention that in the use of such terms and expressions of excluding 
any equivalents of the features shown and described or portions thereof, but it is recognized 
that various modifications are possible within the scope of the invention claimed. Thus, it 

25 should be understood that although the present invention has been specifically disclosed by 
preferred embodiments, optional features, modification and variation of the concepts herein 
disclosed may be resorted to by those skilled in the art, and that such modifications and 
variations are considered to be within the scope of this invention as defined by the description 
and the appended claims. 
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In addition,. jvhere Jeatures. or . aspects.^^ of 

Markush groups or other grouping of alternatives, those skilled in the art will recognize that the 
invention is also thereby described in terms of any individual member or subgroup of members 
of the Markush group or other grdup. 

Other embodiments are within the following claims. 
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TABLE! 



Characteristics of naturally occurring ribozymes 
Group I Introns 

Size: --150 to >1000 nucleotides. 

Requires a U in the target sequence immediately 5' of the cleavage site. 
Binds 4-6 nucleotides at the 5'-side of the cleavage site. 

Reaction mechanism: attack by the 3 '-OH of guanosine to generate cleavage products with 
3'-0H and 5*-guanosine. 

Additional protein cofactors required in some cases to help folding and maintainance of the 
active structure. 

Over 300 known members of this class. Found as an intervening sequence in Tetrahymena 
thermophila rRNA, fungal mitochondria, chloroplasts, phage T4, blue-green algae, and 
others. 

Major structural features largely established through phylogenetic comparisons, 
mutagenesis, and biochemical studies 

Complete kinetic framework established for one ribozyme ["V/ZT 
Studies of ribozyme folding and substrate docking underway [''"/"\'^. 
Chemical modification investigation of important residues well established p,"*]. 
• The small (4-6 nt) binding site may make this ribozyme too non-specific for targeted RNA 
cleavage, however, the Tetrahymena group I intron has been used to repair a "defective" - 
galactosidase message by the ligation of new -galactosidase sequences onto the defective 
message ['"'], 

^RNAse P RNA-(Mt RNA)-- 

Size: -290 to 400 nucleotides. " / - .^ .•::^v- " 

RNA portion of a ubiquitous ribonucleoprotein enzyme. 
Cleaves tRNA precursors to form mature tRNA [-^"'ij. 

Reaction mechanism: ppssible attack by M -OH to generate cleavage products with 3*- 
OH and 5 '-phosphate. 

RNAse P is found throughout the prokaiyotes and eukaryotes. The RNA subunit has been 
sequenced from bacteria, yeast, rodents, and primates. 

Recruitment of endogenous RKAse P for therapeutic applications is possible through 
hybridization of an External Guide Sequence (EGS) to the target RNA ['"'"/T 
Important phosphate and 2' OH contacts recently identified [^^',*^"] 

Group II Introns 

Size: >1 000 nucleotides. 

Trans cleavage of target RNAs recently demonstrated ['^"'7*'']. 
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Sequence requirements not fully determined. 

Reaction mechanism: 2'-0H of an internal adenosine generates cleavage products with 3 
OH and a "lariat" RNA containing a 3 '-5' and a 2'-5' branch point. 
Only natural ribozyme with demonstrated participation in DNA cleavage ['''\'*^'] in addition 
to RNA cleavage and ligation. 

Major structural features largely established through phylogenetic comparisons ['^"]. 
Important T OH contacts beginning to be identified 
Kinetic framework under development 

Neurospora VS RNA 

• Size: -144 nucleotides. 

Trans cleavage of hairpin target RNAs recently demonstrated ['''^, 
Sequence requirements not fully determined. 

Reaction mechanism: attack by 2'-0H 5' to the scissile bond to generate cleavage products 

with 2\3'-cyclic phosphate and 5'-0H ends. 

Binding sites and structural requirements not fully determined. 

Only 1 known member of this class. Found in Neurospora VS RKA. 

Hammerhead Ribozyme 

(see text for references) 

Size: -13 to 40 nucleotides. 

Requires the target sequence UH immediately 5' of the cleavage site. 

Binds a variable number nucleotides on both sides of the cleavage site. 

Reaction mechanism: attack by 2'-0H 5' to the scissile bond to generate cleavage products 

with 2',3'-cyclic phosphate and 5'-0H ends. 

14 known members of this class. Found in a number of plant pathogens (vinisoids) that 
use RNA as the infectious agent. . 
Essential staictural features largely defined, including 2 crystal structures [^'^"/'^^"] 

• Minimal ligatTon^activity demonstrated (for engineering through;z«-vr^^ 

• Complete kinetic framework established for two pr more ribozymesf^^^^^^ - - 
Chemical modification investigation of important residues well established [•''^]. 

Hairpin Ribozyme 

• Size: -50 nucleotides. 

Requires the target sequence GUC immediately 3' of the cleavage site. 

Binds 4-6 nucleotides at the 5'-side of the cleavage site and a variable number to the 3'-side 

of the cleavage site. 

Reaction mechanism: attack by 2'-0H 5 ' to the scissile bond to generate cleavage products 
with 2',3 '-cyclic phosphate and 5'-0H ends, ^ . 

3 known members of this class. Found in three plant pathogen (satellite RNAs of the 
tobacco ringspot virus, arabis mosaic virus and chicory yellow mottle virus) which uses 
RNA as the infectious agent. 
. Essential stmctural features largely defined --^ 
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Ligation activity (in addition to cleavage activity) makes ribozyme amenable to 
engineering through in vitro selection ['''''^] 

Complete kinetic framework established for one ribozyme ['^"']. . ' ' 

Chemical modification investigation of important residues begun 

Hepatitis Delta Virus (HDV) Ribozyme 

Size: -60 nucleotides. 

Trans cleavage of target RNAs demonstrated 

Binding sites and structural requirements not fully determined, although no sequences 5' of 

cleavage site are required. Folded ribozyme contains a pseudoknot structure 

Reaction mechanism: attack by 2'-0H 5' to the scissile bond to generate cleavage products 

with 2', 3 '-cyclic phosphate and 5'-0H ends. 

Only 2 known members of this class. Found in human HDV. 

Circular form of HDV is active and shows increased nuclease stability 
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Table II: 2.5 Hmol RNA Synthesis Cycle 



Reagent 

Phosphoramidites 
5-Ethyl Tetrazole 
Acetic Anhydride 



TCA 

Iodine 

Acetonitrile 



Equivalents Amount Wait 

Time* 



6.5 

23.8 

100 



N-Methyllmidazole 186 



83.2 

8.0 

NA 



163 \iL 2.5 

238 2.5 

233 )J.L 5 sec 

233 |aL 5 sec 

1.73 mL 21 sec 

1.18 mL 45 sec 

6.67 mL NA 



* Wait time does not include contact time during delivery. 
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•Table III: Ribozyme Selection Characteristics 



Characteristic 


Number 


HCV Genome Length 


9436 kb 


All Hammerhead Cleavage Sites * 


1300 


Conserved Region Hammerhead Cleavage 
Sites ** 


23 

- • 



* HCV Genotype lb was the prototype strain 



** . Based on sequence alignments from HCV genotype la, lb, 
Ic, 2a, 2b, 2c 3a, 3b, 4a, 4c, 4f, 5a, and 6a 



64 



247/282 



Table IV: Hammerhead Ribozymes Derived from Conserved Regions of the HCV Genome 



Name 


Substrate 


RibozjTne Sequence 


S* NCR 






HCV.5-50 


CUACUGU C UUCACGC 


GCGUGAA CUGAUGACCCCCUUAGGCCGAA ACAGUAG 


HCV.5-67 


A AAGCGU C UAGCCAU 


AUGCCUA Cl'GAUGAGGCCGUUAGGCCGAA ACGCUUU 


HCV.5-69 


AGCGUCU A GCCAUGG 


CCAUGGC CUGAUGAGGCCGUUAGGCCGAA AGACGCU 


HCV .'5-92 


UGAGUGU C GUGCAGC 


GCUGCAC CUGAUGAGGCCGUUAGGCCGAA ACACUCA 


HCV.M30 


GACCCAU A QVGGUCV 


AGACCAC CVGAVCACGCCGUVAGGCCQAA AUGGCUC 


HCV.5-136 


UAGUGGU C UGCGGAA 


UUCCGCA CUGAUGAGGCCGUUAGGCCGAA ACCACUA 


HCV.3-153 


ggugagu a CACCGGA 


UCCGGUG CUGAUGAGGCCGUUAGGCCGAA ACUCACC 


HCV. 5-1 80 


ACCGGGU C CUUUCUU 


AAGAAAG CUGAUGAGGCCGUUAGGCCGAA ACCCGGU 


HCV.5-J83 


CGGUCCU U UCUUGGA 


UCCAAGa CUGAUGAGGCCGUUAGGCCGAA ACGACCC 


HCV.5-I84 


GGUCCUU U CUUGGAU 


AUCCAAG CUGAUGAGGCCGUUAGGCCGAA AAGGACC 


HCV.5-258 


GUUGGGUCGCGAAAG 


CUUUCGC CUGAUGAGGCCGUUAGGCCGAA ACCCAAC 


IICV.5-270 


AAGGCCU U CUGGUAC 


GUACCAC CUGAUGAGGCCGUUAGGCCGAA AGGCCUU 


([CV.5.294 


CGGUCCa Lf GCGAGUG 


CACUCfi'C* CUGAUGAGGCCGUUAGGCCGAA AGCACCC 


IICV.5-3I3 


GGGAGOU C UCCUAGA 


UCUACGA CLTiAUGAGGCCGUUAGGCCGAA ACCUCCC 


HCV. 5-3 15 


GAGGUCU C GUAGACC 


GGUCUAC* Cl'GAUGAGGCCGUUAGGCCGAA AGACCUC 


HCV.5-318 


GUCUCGU A GACCGUG 


CACGGUr C:i OAUGAGGCCGUUAGGCCGAA ACGAGAC 


Core Rcfiton 






IICV.C-30 


UAAACCU C aaagaaa 


UUUCUUU CUGAUGAGGCCGUUAGGCCGAA AGGUUUA 


HCV.C-48 


caaacgu a ACACCAA 


UUGGUGl' ClXiAUGAGGCCGUUAGGCCGAA ACGUUUG 


HCV.C-<50 


CAACCGU C GCCCACA 


UGUGGGC Cl'GAUGAGGCCGUUAGGCCGAA ACGGUUG 


HCV.C-175 


GAGCGGU C ACAACCU 


AGGUUGU CUGAUGAGGCCGUUAGGCCGAA ACCGCUC 


HCV.C-374 


GUAACGU C AUCGAUA 


UAUCGAL' CL GAUGAGGCCGUUACGCCGAA ACCUUAC 


J ' "NCR" 






■ * 'ur"\j 'X'\ i a " 

tH- V ,3- 1 1 0 


- V jft ttiMi II III 1 1 1 If Mil linn 1 


AA'AAAAA f'lif'iAiiriAnr.rfTttiMAnr.rrfiAA aaaaaaa 


HCV.3-U5 


GGUGGCU C CAUCUUA 


UAAGAUG cugaugaggccguuaggccgaa"agcc:acc 


HCV.3-149 


CCVCCAV C UUAGCCC 


CGGCUAA CUGAUGAGGCCGUUAGGCCGAA AUGCAGC 


HCV .3-151 


UCCAUCU U AGCCCUA 


UAGGGCU CUGAUGAGGCCGUUAGGCCGAA AGAUGGA 


HCV.3-152 


CCAUGUU A GCCCUAG 


CUAGGGC CUGAUGAGGCCGUUAGGCCGAA AAGAUGG 


HCV.3.158 


UAGCCCU A GUCACGG 


CCGUGAC CUGAUGAGGCCGUUAGGCCGAA AGGGCUA 


HCV.3-16I 


CCCUAGUCACGGCUA 


UAGCCGU CUGAUGAGGCCGUUAGGCCGAA ACUAGGG 


HCV.3-168 


CACCGCU A GCUGUGA 


UCACAGC CUGAUGAGGCCGUUAGGCCGAA AGCCGUG 


HCV.3-181 


GAAAGGU C CGUGAGC 


GCUCACG CUGAUGAGGCCGUUAGGCCGAA ACCUUUC 
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Table V: HCV Hammerhead Ribozyme and Target Sequence 



Nn 




INl, 
rOS. 


nammerneau Kiuozyrne 


Substrate 


1 


HCV- 2 7 


27 






2 


HCV- 114 


X Xri 




tjuAvjLCU K. CAQGACC 


3 


HCV- 12 8 


128 


ctTCccnn ciinATTnAri V CGAA ARCVV^nn 




4 


HCV- 14 8 


148 


ITtTCCnCA CTIf^AtlOAr; Y CflAA ACCACTTA 


TTBflfT^PlT P TTPPr^r^AA 


5 


HCV- 1€5 


X w 3 


nccn^^fTn crTf^ATinAn y c^aa aciicacc 


uroUuAljVJ A L.AV-L.\jCjA 


5 


HCV-175 


175 






7 


HCV- 199 


199 


UUGAtlCC CnGATTGAG X CGAA AGAAAGG 


CCTTUTTCTT TT nrtATTr'Ra 


8 


HCV- 2 13 


213 


AGGCAtlU CUGAUGAG X CGAA AGCGCiGtJ 




9 


HCV-252 


252 


ACUCGGC CUGAUGAG X CGAA AGCAGUC 


ftACiTGCTT A nonnnnii 


10 


Hrv-26n 


260 


CCAACAC CUGAUGAG X CGAA TiLrilCCiCir 


nCPrtArtlT a /^fTPTTTTPP 


11 


HCV- 2 65 


265 


GCGACCC CUGAUGAG X CGAA ACACTIAC 




12 


HCV-27D 


2 70 


CtJTTUCRC CUGAtJGAG Y CGAA ACCCAAC 




13 




9 R fl 
zoo 


CAGGCAG CTTGAUGIG Y CGAA ACCACiA 

t 


TTTTnTTPPTT R PTTPPr^T/^ 

UUoUU^U A L.Uuv.^UV7 


14 


HCV- 2 98 


A 7 O 


AGCACCC CITGATTGaG Y "CGAA ATTCAGGC 


rtpprrrtart a r'r'r*jtr*f*x^ 


15 


nv^ V — J u D 


J u o 


CAcncnc CTTnATir^ac y cr^AA Ar^pAppp 


\j\jKj\j\3K^\j u (aUCvAoUG 




HCV- 9 


J Z 3 


TTCTTACrSA CTTGATTOIin Y CHAA APPITPPP 


Cj^jtLiAvjuU ULGUAGA 


17 


V — J z # 






vjACjCjU^U L GUAGACC 


1 R 
X a 


UC\7- 1 1 n 
nU V - J J U 


Tin 
J J u 




GUCUCGU A GACCGUG 


19 


HCV* Am 


*i u / 




AUoAt-oU U AA(-3UUV-C 


9n 
^ u 


rtv- V - ^ X ^ 


/ITT 




(jUt-AAtrU U CCCGGGC 


21 


nv« V — Si J. J 


*tX J 






22 


HCV-426 


*t z o 


ACnATTCTT CTIfZATTnAn Y CflAA ACCACCfl 




23 


HCV- 4 72 


472 


CACACCC CITGArTGAG Y CGAA ACGUGGH 


CCCACflTT TT flCinXXCLX'^nL 


24 


HCV-489 


4 fl Q 


GIICrTTTCC CTTGATIGAG Y CGAA AGTICGCH 


cncriAPTT A nriAAPAp 

UL7UOAUU e\ vjoAA^jAC 


25 


HCV-4 98 


4 98 


CGUUCGG CUGAUGAG X CGAA AGUCUUC 


GAAGACTT IT CPHAAPn 


26 


HCV-499^ 


- 4 99 


CCGUUCG -CUGAUGAG X CGAA AAGUCUU 


AAGACriTT C CGAACGfJ 


27 


HCV- 508 


508 


AGGUUGC CUGAUGAG X GGAA ACCGUUC 


GAAGGGU C GCAACCU 


28 


HCV- 53 4 


53 4 


-UUGGGGA -CUGAUGAG X'CGAA AGGUUGU 


ACAACCU A UCCCCAA 


29 


HCV- 53 6 


536 


CCUUGGG CUGAUGAG X CGAA AUAGGUU 


- AACCUAU C CCCAAGG 


30 


HCV-546 


546 


GGUCGGC CUGAUGAG X CGAA AGCCUUG 


CAAGGCU C GCCGACC 


31 


HCV- 561 


561 


CAGGCCC CUGAUGAG X CGAA ACCCUCG 


CGAGGGU A GGGCCUG 


32 


HCV- 5 73 


573 


CCAGGCU CUGAUGAG X CGAA AGCCCAG 


CUGGGCU C AGCCUGG 


33 


HCV-583 


583 


CCAAGGG CUGAUGAG X CGAA ACCCAGG 


CCUGGGU A CCCUUGG 


34 


HCV-588 


588 


AGGGGCC CUGAUGAG X CGAA AGGGUAC 


GUACCCU U GGCCCCU 


35 


HCV- 5 96 


596 


UGCCAUA CUGAUGAG X CGAA AGGGGCC 


GGCCCCU C UAUGGCA 


36 


HCV- 5 98 


598 


AUUGCCA CUGAUGAG X CGAA AGAGGGG 


CCCCUCU A UGGCAAU 


37 


HCV-632 


632 


GUGACAG CUGAUGAG X CGAA AGCCAUC 


GAUGGCU C CUGUCAC 


38 


HCV-637 . 


637 


GCGGGGU CUGAUGAG X CGAA ACAGGAG 


CUCCUGU C ACCCCGC 


3S 


HCV-649 


649 


AGGCCGG CUGAUGAG X CGAA AGCCGCG 


CGCGGCU C CCGGCCU 


40 


HCV-657 


657 


CCCCAAC CUGAUGAG X CGAA AGGCCGG 


CCGGCCU A GUUGGGG 


41 


HCV- 660 


660 


GGGCCCC CUGAUGAG :X CGAA ACUAGGC 


GCCUAGU U GGGGCCC 


42 


' HCV- 6 96 


696 


UUACCCA CUGAUGAG: X CGAA AUUGCGC 


GCGCAAU C UGGGUAA 


43 


-HCV- 707 


707 


UAUCGAU CUGAUGAG, X CGAA ACCUUAC 


GUAAGGU C AUCGAUA 
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44 


HCV-710 


710 


GGGUAUC CUGAUGAG X CGAA AUGACCU 


AGGUCAU C GAUACCC 


45 


HCV-714 


714 


GUGAGGG CUGAUGAG X CGAA AUCGAUG 


CAUCGAU A CCCUCAC 


46 


HCV-73 0 


730 


GUCGGCG CUGAUGAG X CGAA AGCCGCA 


UGCGGCU U CGCCGAC: 


47 


HCV-731 


731 


GGUCGGC CUGAUGAG X CGAA AAGCCGC 


GCGGCUU C GCCGACC 


48 


HCV-74 8 


748 


CGGAAUG CUGAUGAG X CGAA ACCCCAU 


AUGGGGU A CAUUCCG 


49 


HCV-752 


752 


CGAGCGG CUGAUGAG X CGAA AUGUACC 


GGUACAU U CCGCUCG 


50 


HCV-753 


753 


ACGAGCG CUGAUGAG X CGAA AAUGUAC 


GUACAUU C CGCUCGU 


51 


HCV-758 


758 


CGCCGAC CUGAUGAG X CGAA AGCGGAA 


UUCCGCU C GUCGGCG 


52 


HCV-761 


761 


GGGCGCC CUGAUGAG X CGAA ACGAGCG 


CGCUCGU C GGCGCCC 


53 


.HCV-773 


.773 


CGCCCCC CUGAUGAG X CGAA AGGGGGG 


CCCCCCU A GGGGGCG 


54 


HCV-806 


806 


GAACCCG CUGAUGAG X CGAA ACACCAU 


AUGGUGU C CGGGUUC 


55 


HC::V-812 


812 


CCUCCAG CUGAUGAG X CGAA ACCCGGA 


UCCGGGU U CUGGAGG 


56 


HCV-813 


813 


UCCUCCA CUGAUGAG X CGAA AACCCGG 


CCGGGUU C UGGAGGA 


57 


HCV-832 


832 


UGUUGCG CUGAUGAG X CGAA AGUUCAC 


GUGAACU A CGCAACA 


58 


HCV-847 


347 


ACCGGGC CUGAUGAG X CGAA AGUUCCC 


GGGAACU U GCCCGGU 


59 


HCV-855 


855 


AAAGAGC CUGAUGAG X CGAA ACCGGGC 


GCCCGGU U GCUCUUU 


60 


HCV-859 


859 


AGAGAAA CUGAUGAG X CGAA AGCAACC 


GGUUGCU C UUUCUCU 


61 


HCV-982 


982 


UGCCUCA CUGAUGAG X CGAA ACACAAU 


AUUGUGU A UGAGGCA 


62 


KCV-lOOl 


1001 


UAUGCAU CUGAUGAG X CGAA AUCAUGC 


GCAUGAU C AUGCAUA 


63 


KCV-1022 


1022 


CGCAGGG -CUGAUGAG X CGAA ACGCACC 


GGUGCGU A CCCUGCG 


64 


KCV-1031 


1031 


UCUCCCG -CUGAUGAG X CGAA ACGCAGG 


CCUGCGU U CGGGAGA 


65 


HCV-1032 


1032 


UUCUCCC CUGAUGAG X CGAA AACGCAG 


CUGCGUU C GGGAGAA 


66 


HCV-104 8 


1048 


ACAACGG CUGAUGAG X CGAA AGGCGUU 


AACGCCU C CCGUUGU 


67 


KCV-1053 


1053 


ACCCAAC CUGAUGAG X CGAA ACGGGAG 


CUCCCGU U GUUGGGU 


68 


KCV-1056 


1056 


GCUACCC CUGAUGAG X CGAA ACAACGG 


CCGUUGU U GGGUAGC 


69 


KCV-1061 


1061 


UGAGCGC CUGAUGAG X CGAA ACCCAAC 


GUUGGGU A GCGCUCA 


70 


KCV-1127 


1127 


GCAAGUC CUGAUGAG X CGAA ACGUGGC 


GCCACGU C GACUUGC 


71 


HCV-1132 


1132 


AACGAGC CUGAUGAG X CGAA AGUCGAC 


GUCGACU U GCUCGUU 


72 


HCV-1136 


1136 


CCCCAAC CUGAUGAG X CGAA AGCAAGU 


ACUUGCU C GUUGGGG 


73 


KCy-1139 


1139 


CCGCCCC CUGAUGAG X CGAA ACGAGCA 


UGCUCGU U GGGGCGG 


74 


HCV-1153 




r-7,GGAACAG CUGAUGAG ^X. CGAA" AAG^^^ 


GCCGCUU U CUGUUCC 


75 


~HeV-l-154;- 


r-l-ir54- 


■ CGGAAGA: -CUGAUGAG; "X~1:G7CA' AMaCGG; 


U.CCGCyUU C UGUUCCG j 


76 


HCV-1158 


115 8 


AUGGCGG CUGAUGAG • Xr'CGAA"" ACAGAAA 


UUUCUGU U CCGGCAU 


77 


HCV-1159 


1159 


CAUGGCG CUGAUGAG X CGAA AACAGAA 


UUCUGUU C CGCCAUG 


78 


HCV-1168 


1168 


CCCCACG CUGAUGAG X CGAA ACAUGGC 


GCCAUGU A CGUGGGG 


79 


HCV-1189 


1189 


GAAAACG CUGAUGAG X CGAA AUCCGCA 


UGCGGAU C CGUUUUC 


80 


HCV-1193 


1193 


CGAGGAA CUGAUGAG X CGAA ACGGAUC 


GAUCCGU U UUCCUCG 


81 


HCV-1194 


1194 


ACGAGGA CUGAUGAG X CGAA AACGGAU 


AUCCGUU U UCCUCGU 


82 


HCV-1195 


1195 


GACGAGG CUGAUGAG X CGAA AAACGGA 


UCCGUUU U CCUCGUC 


83 


HCV-1196 


1196 


AGACGAG CUGAUGAG X CGAA AAAACGG 


CCGUUUU C CUCGUCU 


84 


HCV-1280 


1280 


GACCUGA CUCjAUtaAvj it uoAA At-AUvjwC 




. 85 


HCV-1282 


1282 


GUGACCU CUGAUGAG X CGAA AUACAUG 


CAUGUAU C AGGUCAC 


86 


HCV-12 87 


1287 


AUGCGGU CUGAUGAG X CGAA ACCUGAU 


AUCAGGU C ACCGCAU 


87 


HCV-13 73 


1373 


UAUCCAC CUGAUGAG X CGAA iEVCAGCUU 


AAGCUGU C GUGGAUA 


88 


HCV-13 80 


1380 


GCCACCA CUGAUGAG X CGAA AUCCACG 


CGUGGAU A UGGUGGC 


89 


HCV-1406 


1406 


CCGCUAG CUGAUGAG X CGAA ACUCCCC 


GGGGAGU C CUAGCGG 


90 


HCV-1409 


1409 


GGCCCGC CUGAUGAG X CGAA AGGACUC 


GAGUCCU A GCGGGCC 
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91 


HCV-1418 


1418 


AGUAGGC CUGAUGAG X CGAA AGGCCCG 


CGGGCCU U GCCUACU 


92 


HCV-1423 


1423 


GGAAUAG CUGAUGAG X CGAA AGGCAAG 


CUUGCCU A CUAUUCC 


93 


HCV-1426 


1426 


CAUGGAA CUGAUGAG X CGAA AGUAGGC 


GCCUACU A UUCCAUG 


94 


HCV-1428 


1428 


ACCAUGG CUGAUGAG X CGAA AUAGUAG 


CUACUAU U CCAUGGU 


95 


HCV-1429 


1429 


CACCAUG CUGAUGAG X CGAA AAUAGUA 


UACUAUU C CAUGGUG 


96 


HCV-1727 


1727 


ACUUGUC CUGAUGAG X CGAA AUGGAGC 


GCUCCAU C GACAAGU 


97 


HCV-1735 


1735 


CUGAGCG CUGAUGAG X CGAA ACUUGUC 


GACAAGU U CGCUCAG 


98 


HCV-173S 


1736 


CCUGAGC CUGAUGAG X CGAA AACUUGU 


ACAAGUU C GCUCAGG 


99 


HCVrl740 


1740 


CAUCCCU CUGAUGAG X CGAA AGCGAAC 


GUUCGCU C AGGGAUG 


100 


HCV-1757 


1757 


UAUAGGU CUGAUGAG X CGAA AUGGGGC 


GCCCCAU C ACCUAUA 


101 


HCV-1762 


1762 


CUCGGUA CUGAUGAG X CGAA AGGUGAU 


AUCACCU A UACCGAG 


102 


HCV-1795 


1795 


CCAGCAG CUGAUGAG X CGAA AAGGCCU 


AGGCCUU A CUGCUGG 


103 


HCV-1806 


1806 


GGUGCGU CUGAUGAG X CGAA AUGCCAG 


CUGGCAU U ACGCACC 


104 


HCV-ia07 


1807 


AGGUGCG CUGAUGAG X CGAA AAUGCCA 


UGGCAUU A CGCACCU 


105 


HCV-1815 


1815 


CACUGCC CUGAUGAG X CGAA AGGUGCG 


CGCACCU C GGCAGUG 


106 


HCV-1827 


1827 


GGUACGA CUGAUGAG X CGAA ACCACAC 


GUGUGGU A UCGUACC 


107 


HCV-1829 


1829 


CAGGUAC CUGAUGAG X CGAA AUACCAC 


GUGGUAU C GUACCUG 


108 


HCV-1832 


1832 


ACGCAGG CUGAUGAG X CGAA ACGAUAC 


GUAUCGU A CCUGCGU 


109 


HCV-1B40 


1840 


CACCUGC CUGAUGAG X CGAA ACGCAGG 


CCVGCGU C GCAGGUG 


110 


HCV-1854 


1854 


UACACUG CUGAUGAG X CGAA ACCACAC 


GUGUGGU C CAGUGUA 


111 


HCV-1883 


1883 


CCACUAC CUGAUGAG X CGAA ACAGGGC 


GCCCUGU U GUAGUGG 


112 


HCV- 18 86 


1886 


UCCCCAC CUGAUGAG X CGAA ACAACAG 


CUGUUGU A GXJGGGGA 


113 


HCV-1902 


1902 


CCGGACC CUGAUGAG X CGAA AUCGGUC 


GACCGAU C GGUCCGG 


114 


HCV'1906 


1906 


GGCACCG CUGAUGAG X CGAA ACCGAUC 


GAUCGGU C CGGUGCC 


115 


HCV-1917 


1917 


UUAUACG CUGAUGAG X CGAA AGGGGCA 


UGCCCCU A CGUAUAA 


116 


HCV-1921 


1921 


CCAGUUA CUGAUGAG X CGAA ACGUAGG 


CCUACGU A UAACUGG 


117 


HCV-1923 


1923 


CCCCAGU CUGAUGAG X CGAA AUACGUA 


UACGUAU A ACUGGGG 


118 


HCV-1990 


1990 


ACAGCCA CUGAUGAG X CGAA ACCAGUU 


AACUGGU U UGGCUGU 


119 


HCV-1991 


1991 


UACAGCC CUGAUGAG X CGAA AACCAGU 


ACUGGUU U GGCUGUA 


120 


-Hc:v-i9SJ 


1998 


AUCCAUG CUGAUGAG X CGAA ACAGCCA 


UGGCUGU A CAUGGAU 


.121. 


:..HCv-.2o,4x: 




- JJUGGACG CUGAUGAG X CGAA AGGGCCC 


GGGCCCU C CGUGCAA 


12.2- 


HCV- 2 054 




: CCCCCCC ^CUGOT^ AUGUUGC 


GCAACAU C GGGGGGG.i^ 


123 


HCV- 2063 


2063 


GGUUGCC CUGAUGAG X CGAA ACCCCCC 


GGGGGGU C GGCAACC 


124 


HCV-2072 


2072 


UCAAGGU CUGAUGAG X CGAA AGGUUGC 


GCAACCU C ACCUUGA 


125 


HCV-2077 


2077 


GCAGGUC CUGAUGAG X CGAA AGGUGAG 


CUCACCU U GACCUGC 


126 


HCV-2121 


2121 


UUUGUGU CUGAUGAG X CGAA AGUGGCC 


GGCCACU U ACACAAA 


127 


HCV-2122 


2122 


UUUUGUG CUGAUGAG X CGAA AAGUGGC 


GCCACUU A CACAAAA 


128 


HCV-2137 


2137 


UGGCCCC CUGAUGAG X CGAA AGCCACA 


UGUGGCU C GGGGCCA 


129 


HCV-2149 


2149 


AGGUGUU CUGAUGAG X CGAA ACCAUGG 


CCAUGGU U AACACCU 


130 


HCV-2150 


2150 


UAGGUGU CUGAUGAG X CGAA AACCAUG 


CAUGGUU A ACACCUA 


131 


HCV-2219 


2219 


CCUUAAA CUGAUGAG X CGAA AUGGUAA 


UUACCAU. C UUUAAGG 


132 


HCV-2221 


2221 


AACCUUA CUGAUGAG X CGAA AGAUGGU 


ACCAUCU U UAAGGUU 


133 


HCV-2261 


2261 


CAGCACU CUGAUGAG X CGAA AGCCUGU 


ACAGGCU U AGUGCUG 


134 


HCV-2262 


2262 


GCAGCAC CUGAUGAG X CGAA AAGCCUG 


CAGGCUU A GUGCUGC 


135 


HCV-2295 


2295 


AGGUCGC CUGAUGAG X CGAA ACGCUCU 


AGAGCGU U GCGACCU 


136 


HCV-2320 


2320 


GAGCUCC CUGAUGAG X CGAA AUCUGUC 


GACAGAU C GGAGCUC 


137 


HCV-2327 


2327 


GCGGGCU CUGAUGAG X CGAA AGCUCCG 


CGGAGCU C AGCCCGC 
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138 


HCV-2344 


2344 


UGUCGUG CUGAUGAG X CGAA ACAGCAG 


CUGCUGU C CACGACA 


139 


HCV-2417 


2417 


UCUGAUG CUGAUGAG X CGAA AGGUGGA 


UCCACCU C CAUCAGA 


140 


HCV-2421 


2421 


. AUGUUCU CUGAUGAG X CGAA AUGGAGG 


■ CCUCCAU C AGAACAU 


141 


HCV-2429 


2429 


CGUCCAC CUGAUGAG X CGAA AUGUUCU 


AGAACAU C GUGGACG 


142 


HCV-2534 


2534 


AGGCACA CUGAUGAG X CGAA ACGCGCG 


CGCGCGU C UGUGCCU 


143 


HCV-2585 


2585 


GGUUCUC CUGAUGAG X CGAA AGGGCGG 


CCGCCCU A GAGAACC 


144 


HCV-2600 


2600 


CGUUGAG CUGAUGAG X CGAA ACCACCA 




145 


HCV-2603 


2603 


CCGCGUU CUGAUGAG X CGAA AGGACCA 


UGGQCCU C AACGCRO 


14^ 


HCV-2671 


2671 


CUUGAUG CUGAUGAG X CGAA ACCAGGC 


GCCUGGU A CAUPAarJ 


147 


HCV-2675 


2675 


UGCCCUU CUGAUGAG X CGAA AUGUACC 


GGUACAU C AAGGCJP& 


148 


HCV-2690 


2690 


CCCCAGG CUGAUGAG X CGAA ACCAGCC 


GGCUGGU C CCUGGGG 


149 


HCV-2704 


2704 


CAGAGCA CUGAUGAG X CGAA AUGCCGC 


GCGGCAU A UGrTTnif; 


150 


HCV-2709 


2709 


CCGUACA CUGAUGAG X CGAA AGCAUAU 




151 


HCV-2713 


2713 


CAGGCCG CUGAUGAG X CGAA ACAGAGC 




152 


HCV-273 8 


2738 


CCAGCAG CUGAUGAG X CGAA AGCAGGA 




153 


HCV-2763 


2763 


AUGGCGU CUGAUGAG X CGAA AGCCCGU 




154 


HCV-2764 


2764 


CAUGGCG CUGAUGAG X CGAA AAGCCCG 




155 


HCV-287B 


2878 


GUAUUGU CUGAUGAG X CGAA ACCACCA 


wWwUwUW U A^AxnL»^W. 


156 


HCV-2879 


2879 


AGUAUUG CUGAUGAG X CGAA AACCACC 


nniTrj^TTTi a paaTTapTT 

vjw w w w w t»J r\ ^Jv\KJt\^KJ 


157 


HCV-2884 


2864 


GAUAAAG CUGAUGAG X CGAA AUUGUAA 




158 


HCV-2aa7 


2887 


GGUGAUA CUGAUGAG X CGAA AGUAUUG 




159 


HCV-288a 


2888 


UGGUGAU CUGAUGAG X CGAA AAGUAUU 




150 


HCV-2910 


2910 


ACGCACA CUGAUGAG X CGAA AUGCGCC 


GGCGCAU U UGUGCGU 


161 


HCV-2911 


2911 


CACGCAC CUGAUGAG X CGAA AAUGCGC 


GCGCAUU U GUGCGUn 


162 


HCV-2924 


2924 


GAGGGGG CUGAUGAG X CGAA ACCCACA 


UGUGGGU C CCCCCUC 


163 


HCV-2931 


2931 


ACAUUGA CUGAUGAG X CGAA AGGGGGG 


CCCCCCU C UCAAUGU 


164 


HCV-2933 


2933 


GGACAUU CUGAUGAG X CGAA AGAGGGG 


CCCCUCU C AAUGUCC 


165 


HCV-2939 


2939 


CCCCCCG CUGAUGAG X CGAA ACAUUGA 


UCAAUGU C CGGGGGG 


166 


HCV-2958 


2958 


AGGAUGA CUGAUGAG X CGAA AGCAUCG 


CGAUGCU A UCAUCCU 


16-7- 


"He/" 296 a ' 


-2960- 


— GGAGGAU CUGAUGAG. X CGAA AUAGCAU ^ 


AUGCUAU C AUCCUCC 


168' 


HGV-2963^ 


-2563- 


UGAGGAG • . AUGAUAG- > . 


CUAUCAU C CUCCUCA ,..^ 


169 


HCV-2966 


,2966^ 


AUGUGAG^^^^ ^ CGAA AGGAUGA ' 


• ucAuecu e eucAGAu- • 


170 


HCV-2969 


2969' 


CACAUGU CUGAUGAG X CGAA AGGAGGA 


UCCUCCU C ACAUGUG 


171 


HCV-3059 


3059 


UCGCAGU CUGAUGAG X CGAA AUGGCAG 


CUGCCAU A ACUGCGA 


172 


HCV-3138 


3138 


UGGACGU CUGAUGAG X CGAA AUGGCCU 


AGGCCAU U ACGUCCA 


173 


HCV-313 9 


3139 


UUGGACG CUGAUGAG X CGAA AAUGGCC 


GGCCAUU A CGUCCAA 


174 


HCV-3143 


3143 


CCAUUUG CUGAUGAG X CGAA ACGUAAU 


AUUACGU C CAAAUGG 


175 


HCV-3154 


3154 


CUUCAUG CUGAUGAG X CGAA AGGCCAU 


AUGGCCU U CAUGAAG 


176 


HCV-3155 


3155 


GCUUCAU CUGAUGAG X CGAA AAGGCCA 


UGGCCUU C AUGAAGC 


177 


HCV-3209 


3209 


AAUCCUG CUGAUGAG X CGAA AGCGGGG 


CCCCGCU A CAGGAUU 


178 


HCV-3216 


3216 


UGGGCCC CUGAUGAG X CGAA AUCCUGU 


ACAGGAU U GGGCCCA 


179 


HCV-323 3 


3233 


GGUCUCG CUGAUGAG X CGAA AGGCCCG 


CGGGCCU A CGAGACC 


180 


HCV-3242 


3242 


CCACCGC CUGAUGAG X CGAA AGGUCUC 


GAGACCU U GCGGUGG 


181 


HCV-3263 


3263 


AGAAGAC CUGAUGAG X CGAA ACGGGCU 


AGCCCGU C GUCUUCU 


182 


HCV-3266 


3266 


CAGAGAA CUGAUGAG X CGAA ACGACGG 


CCGUCGU C UUCUCUG 


183 


HCV-3268 


3268 


GUCAGAG CUGAUGAG X CGAA AGACGAC 


GUCGUCU U CUCUGAC 


184 


HCV-3290 


3290 


AGGUGAU CUGAUGAG X CGAA AUCUUGG 


CCAAGAU C AUCACCU 
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185 


HCV-3293 


3293 


CCCAGGU CUGAUGAG X CGAA AUGAUCU 


AGAUCAU C APPT7GGG 


186 


HCV-3329 


3329 


CCAAGAU CUGAUGAG X CGAA AUGUCCC 


GGGAPATT P ATTPTTTTGn 


187 


HCV-3 332 


3332 


GUCCCAA CUGAUGAG X CGAA AUGAUGU 


APATTPATT P TTTTGTZniir' 


188 


HCV-3334 


3334 


CAGUCCC CUGAUGAG X CGAA AGAUGAU 


ATTPATTPTT TT GGGAPTTn 


189 


HCV-3347 


3347 


GGGCGGA CUGAUGAG X CGAA ACGGGCA 


TTGPPPGTT P TTPPPrT«r« 


190 


HCV-3349 


3349 




v»u(^\aULU L LGCCCGA 


191 


HCV - 3 3 7 1 


3371 


CCAGAAC5 CnnATIGAG Y CGJVA ATTrtTCro 


vjUvjAIjAU a CUUCUGG 


192 


HrV-54 Tfi 

nv^ V J *t X w 






GCjCtiACU C CUUGCCC 


193 


Hr\/-t3419 


1419 


nciGcviCiC rTinATiGAG Y PGA A Ann Am TP 


UALUCLU U GCCCCCA 


194 


V . J *i £ a 


3428 


AGGCCGU rUGAUGAG Y PGA A AT TGGGGG 


C-CLCCAU C ACGGCCu 


19S 


HCV-34a2 


3482 


GGCCUGIT PTIGATIGAG Y PGA A AGGPrTAfl 


uLlAbC-CU U ACAGGCC 


196 




J W JL O 


PPAPITTTG PTIGAITGAG Y PHAA APPfTPPP 


GCjGAGGU U caagugg 


197 


HCV - 3 5 1 9 


^ X 7 


APPAPTTIT PTTGATTGAG Y PGA A AAPPTTPP 


GtaAGvjUU C AAGUGGU 


198 


HCV- 3527 




PGGTTGGA PTTGATTGAG Y PGAA APPAPTTIT 


AAGUUCjU U UC CACCG 


199 


HCV- ^52 a 

L I w V J ^ lb a 


3528 


GCGCiUGG PrrGATTGAG Y PGAA AAPPAPTT 


AUUGGUU U CCACCGC 


200 


HCV- 3529 


J 3 « 7 


tTGPGGtIG PTTGATTGAG Y PGAA AHAPPAP 


oUGGUUU C CACCGCA 


201 


HCV- 3 5 76 


3576 


ACGGUCC PTTGATTGAG Y PGAA APlPAPa 


UUUGUGU U GGACCGU 


202 


HCV- ^601 


3601 


GGTTPTTTTTT PTTGATTGAG Y PGAA AGPPnGP 


GL.UGGUU AAAGACC 


203 


HCV- *? 611 


3611 


GGCCGGC P17GATIGAG Y PGAA AGGGTIPTT 


AGAv-t.Hj A GC-CGGCC 


204 


HCV- 1S84 


3684 


GrCCCGG PTTGATTGAG Y PGAA AGGPGPA 




205 


HCV-3696 


3696 


GUAAGGG CUGAUGAG X CGAA ACGCGrr 


uGt-GV^GU U v-\,CUUAC 


206 


CIVm V J O 7 / 


3697 


ITGTTAAGG PTTGATTGAG Y PGAA AAPPPnP 


^^o^r^TTTT ^r^TTTTR^iv 
Gt-Gv-GUU C CCUUACA 


207 


HCV- 3 701 


3701 


AUGGUGU CUGAUGAG Y CGAA AGGGAAP 


miTTr'pr^tT tt & r* r tvtt 
UUUL.LUU U ALAt-LAU 


208 


V J 1 \J A 


3 702 


PATTGGTTG PTTGATTGAG Y PGAA AAnnnAA 


UULUCUU A CACCAUG 


209 


HCV-3 724 


3724 


GAGGtTPP PTTGATTGAG Y PGAA AGPITAPP 


GGUAGt-U C GGACCUG 


210 


HCV- 3 731 


3 731 


PPAGATTA prrGAtiGAG Y PGAA j^Gnnrm 


^G^ALvU 4- UAUt-UGG 


211 


HCV-3 73 3 


3733 


GACCAGA CUGAUGAG Y PGAA AGAGGTTP 


VjAVm^U^U a UUUGGUG 


212 


HCV- 3 73 5 


3 73 5 


GUGACCA CUGAUGAG X CGAA AUAGAGG 


PPTTPTTATT P rTGGTrPBr» 


213 


HCV-3740 


3740 


GUCUCGU CUGAUGAG X CGAA ACCAGAU 


ATTPTTGGTT P APGAnAP 


-21 4 


HCV-3 761-, 


„3 7 gi 


GCACCGG CUGAUGAG X CGAA AUGACGU 


APGIIPATT TT OCaCHtfir' 


..21 5' 


-HCV-376Z.. 


j3762- 


-V. v^GGCACCG-^ CUGAUGAG ,X_XGAA AAUGACG 


CGUCAUU C CGGllG'PG-™ 


216 


HCV-3 786 .. 


.-3786 


I XUCCCCC^ 'C'OG75tUGA AGCGUCA^r"" 


^~ UGACGGU *'C ^'GGGGG'Hn' ^ 


217 


HCV-3797, 


3797 


GGGACAG CUGAUGAG X CGAA "AGGCUCC 


ggagccu a CUGUCCC - 


218 


HCV-3802 


3802 


UCUGGGG CUGAUGAG X CGAA ACAGUAG 


cuacugu c ccccaga 


219 


HCV-383S 


3835 


GCCACCC CUGAUGAG X CGAA AAGAGCC 


ggcucuu c ggguggc 


220 


HCV-38S1 


3851 


AAGGGCA CUGAUGAG X CGAA AGtAGUG 


CACUGCU C UGCCCUU 


221 


HCV- 3 85 8 


3858 


UGCCCCG CUGAUGAG X CGAA AGGGCAG 


cugcccu u cggggca 


222 


HCV-3859 


3859 


GUGCCCC CUGAUGAG X CGAA AAGGGCA 


UGCCCUU c ggggcac 


223 


HCV-3872 


3872 


AGAUGCC CUGAUGAG X CGAA ACAGCGU 


ACGCUGU A GGCAUCU 


224 


HCV-3B78 


3878 


CCCGGAA CUGAUGAG X CGAA AUGCCUA 


UAGGCAU C UUCCGGG 


225 


HCV- 3 880 


3880 


AGCCCGG CUGAUGAG X CGAA AGAUGCC 


GGCAUCU U CCGGGCU 


226 


HCV-38B1 


3881 


CAGCCCG CUGAUGAG X CGAA AAGAUGC 


GCAUCUU C CGGGCUG 


227 


HCV-3 908 


3908 


CCUUCGC CUGAUGAG X CGAA ACCCCCC 


GGGGGGU U GCGAAGG 


228 


HCV-4056 


4056 


GGCACUU CUGAUGAG X CGAA AGUGCUC 


gagcacu a AAGUGCC 


229 


HCV-4072 


4072 


GGCUGCG CUGAUGAG X CGAA ACGCAGC 


GCUGCGU A CGCAGCC 


230 


HCV-4087 


4087 


UACCUUG CUGAUGAG X CGAA ACCCUUG 


CAAGGGU A CAAGGUA 


231 


HCV-4115 


4115 


VGGCGGC CUGAUGAG X CGAA ACAGAUG 


CAUCUGU U GCCGCCA 
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23 2 


HCV-4175 


4175 


CAGUUCU CUGAUGAG X CGAA AUGUUGG 


CCAACATT P AGAAPtTf; 


233 


HCV-4187 


4187 


UGGUCCU CUGAUGAG X CGAA AGCCCAG 


CUGGGnU A AGnAPPA 


234 


HCV-4228 


4228 


CUUACCA CUGAUGAG X CGAA AGGUGGA 


VCCACCU A UGnUAArt 


235 


HCV-4 233 


4233 


AGGAACU CUGAUGAG X CGAA ACCAUAG 


CUAUGGU A AGUTICPTT 


23 6 


HCV-4237 


4237 


GGCAAGG CUGAUGAG X CGAA ACUUACC 


GGUAAGU U CCUUGPP 


237 


HCV-4238 


4238 


CGGCAAG CUGAUGAG X CGAA AACUUAC 


GUAAGUU C CUUGPPG 


23 3 


HCV- 4241 


4241 


CGUCGGC CUGAUGAG X CGAA AGG^^CU 


AGUUCCU U GCPGAPfi 


239 


HCV- 42 so 


4280 


CACAUAU CUGAUGAG X CGAA AUGAUAU 


AUAUCAU A AUAUGTin 


240 


HCV-42a3 


4283 


CAUCACA CUGAUGAG X CGAA AUUAUGA. 


UCAUAAU A UGUGATTG 


241 


HCV- 43 37 


4337 


GGUCCAG CUGAUGAG X CGAA ACUGUGC 


GCACAGU P CUGGAPP 


242 


HCV-4370 


4370 


GCACGAC CUGAUGAG X CGAA AGCCGCG 


PRPGGPTI P GTTPGTTGP 


243 


HCV- 4 3 73 


43 73 






244 


HCV-4379 


AT7Q 






24 5 


nL> V — t ^ 3 


A A 9t; 

4 *t ^ 3 


TTPPTTPaA PTTnJiTTnZlf^ Y PHIia LTTtTTTfinn 


PPPAAATT & TTTT/^arSPi 


£ ^ O 


MP V - /I A d A 

nv« V H *i *» 


A A A A 




GPTTPTTPTT *P PaaP&PTT 




nv_ V - •! •« o u 


A A AO 
*i H O U 


umannn priniiTTnAn y pniiii aiTPTTPiTP 


fi^n^riTin p ppprTfTPTi 


5 il fl 


flw V " n ^ 0 X 


A A ft T 




^nr'nr^Rn p p^ppptt^/^ 


^ A Q 
Z % 3 


ur*\7 . A d ft *7 
tic V " ^ ^ O / 


A A ft 


TTriiTPPiTP PTTnaTTnap Y ppaa. a^i/'ipppiv 


TTPPPPrtfT PAPPrriA 


^ 3 U 




A A 


PPPPPTTTT PTTfZaTTfZart Y PPaH iftriPPPTT 


&PPPPRTT P ^Ti-KITTTT* 


^ 3 X 


UPV * A c: 0 ft 


A ^ 0 ft 


PrTTTPITTTf^ PTT(^iTTrt3ifZ Y PPHA APfTPPPA 


TTPPPaPTT P PRaPfcaP 




tlV. V - ^ 3 / / 


A CI 






^ 3 J 


11^ V 3 O O 


A ft A 

4 3 O D 






"5 A 
Z 3 4 


fiL-v - 4 3y J. 


A C Q T 
4 3 9 X 




/^tianppiT a rtiTapr'/^r* 


0 t: 


tJf^/_ ACQ*? 


A C Q "7 
4 3 ^ J 




aPPPTTBTT TT ar^PrTTT* 


255 


V 1 3 J *± 


■i 3 7 1 


APPCCGG CUGAUGAG Y CCiAA AAUACGP 


G PGl TAT IT T A PP GGGGT T 


257 


riVw V — a X D 


4616 


UPGGUAU CUGAUGAG 5f CGAA ACGGACA 


UGUPPGU P AriAPPGA 


258 


HCV-4S1 9 


4619 


UAGUCGG CUGAUGAG X CGAA AUGACGG 


CPGUPAU A CPGAPTTA 


259 


HCV- 4 626 


4626 


UCUCCGC CUGAUGAG X CGAA AGUCGGU 


ACCGACU A GCGGAGA 


2S0 


HCV-4672 


4672 


ACCGGUG CUGAUGAG X CGAA AGCCCGU 


ACGGGCU A CACCGGU 


2 61" 


-HCV" 46 37- 


4697 


UGCAGUC CUGAUGAG X CGAA AUCACCG 


CGGUGAU C GACUGCA 


262 


:HCV-478 9 ; 




1 'UGAGCGG ■ CUGAUGAG -X CGAA ACACCGC 


GCGGUGU _CUGCGCyCA~ ~ 


263 


HCV-4795 


4795 


CCGtrUGU CtJGAUGAG X'XGAA AGCGCGA^" 


' -UCGGGGU'^G -ACAACGG'-Z 


264 


HCV-4920 


4920 


UCAUACC CUGAUGAG X CGAA AGCACAG 


CUGUGCU U GGUAUGA ™. 


265 


HCV-4924 


4924 


GAGCUCA CUGAUGAG X CGAA ACCAAGC 


GCUUGGU A UGAGCUC 


266 


HCV- 4 931 


4931 


CGGGCGU CUGAUGAG X CGAA AGCUCAU 


AUGAGCU C ACGCCCG 


267 


HCV-4947 


4947 


CUGACUG CUGAUGAG X CGAA AGUCUCA 


UGAGACU A CAGUCAG 


268 


HCV-4952 


4952 


GCAACCU CUGAUGAG X CGAA ACUGUAG 


CUACAGU C AGGUUGC 


269 


HCV-4957 


4957 


AGCCCGC CUGAUGAG X CGAA ACCUGAC 


GUCAGGU U GCGGGCU 


270 


HCV-4965 


4965 


UUCAGGU CUGAUGAG X CGAA AGCCCGC 


GCGGGCU U ACCUGAA 


271 


HCV-4966 


4966 


AUUCAGG CUGAUGAG X CGAA AAGCCCG 


CGGGCUU A CCUGAAU 


272 


HCV-4974 


4974 


CCUGGVG CUGAUGAG X CGAA AUUCAGG 


CCUGAAU A CACCAGG 


273 


HCV-4984 


4984 


GACGGGC CUGAUGAG X CGAA ACCCUGG 


CCAGGGU U GCCCGUC 


274 


HCV-4991 


4991 


CCUGGCA CUGAUGAG X CGAA ACGGGCA 


UGCCCGU C UGCCAGG 


275 


HCV-5004 


5004 


AACUCCA CUGAUGAG X CGAA AUGGUCC 


GGACCAU C UGGAGUU 


276 


HCV-5102 


5102 


GGUAUGC CUGAUGAG X CGAA ACCAGGU 


ACCUGGU A GCAUACC 


277 


HCV-5107 


5107 


GGCUUGG CUGAUGAG X CGAA. AUGCUAC 


GUAGCAU A CCAAGCC 


278 


HCV-5133 


5133 


GGAGCCU CUGAUGAG X CGAA AGCCCUG 


CAGGGCU C AGGCUCC 
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279 


HCV-5218 


5218 


UAGCCUA CUGAUGAG X CGAA ACAGCAG 


CUGCUGU A UAGCCUA 


280 


HCV-5220 


5220 


CCUAGCC CUGAUGAG X CGAA AUACAGC 


GCUGUAU A GGCUAGG 


281 


HCV-S306 


5306 


UAGUGAC CUGAUGAG X CGAA ACCUCCA 


UGGAGGU C GUCACUA 


262 


HCV-5309 


5309 


UGCUAGU CUGAUGAG X CGAA ACGACCU 


AGGUCGU C ACUAGCA 


283 


HCV-S313 


5313 


CAGGUGC CUGAUGAG X CGAA AGUGACG 


CGUCACU A GCACCUG 


284 


HCV-S330 


5330 


CUCCGCC CUGAUGAG X CGAA ACCAGCA 


UGCUGGU A GGCGGAG 


285 


HCV-S339 


5339 


CUGCAAG CUGAUGAG X CGAA ACUCCGC 


GCGGAGU C CUUGCAG 


286 


HCV-5342 


5342 


GAGCUGC CUGAUGAG X CGAA AGGACUC 


GAGUCCU U GCAGCUC 


287 


HCV-5359 


5359 


CAGGCAA CUGAUGAG X CGAA AUGCGGC 


GCCGCAU A UUGCCUG 


288 


HCV-5361 


5361 


GUCAGGC CUGAUGAG X CGAA AUAUGCG 


CGCAUAU U GCCUGAC 


289 


HCV-5376 


5376 


ACCACAC CUGAUGAG X CGAA ACCGGUU 


AACCGGU A GUGUGGU 


290 


HCV-5399 


5399 


ACAAAAU CUGAUGAG X CGAA AUCCUAC 


GUAGGAU C AUUUUGU 


291 


HCV-5423 


5423 


CGGGAAC CUGAUGAG X CGAA ACAGCCG 


CGGCUGU U GUUCCCG 


292 


HCV-5426 


5426 


UGUCGGG CUGAUGAG X CGAA ACAACAG 


CUGUUGU U CCCGACA 


293 


HCV-5427 


5427 


CUGUCGG CUGAUGAG X CGAA AACAACA 


UGUUGUU C CCGACAG 


294 


HCV-5524 


5524 


CUGCUUG CUGAUGAG X CGAA ACUGCUC 


GAGCAGU U CAAGCAG 


295 


HCV-5S25 


5525 


UCUGCUU CUGAUGAG X CGAA AACUGCU 


AGCAGUU C AAGCAGA 


296 


HCV-55a3 


5583 


ACCACGG CUGAUGAG X CGAA AGCAGCG 


CGCUGCU C CCGUGGU 


297 


HCV-S596 


5596 


CCACCUG CUGAUGAG X CGAA ACUCCAC 


GUGGAGU C CAGGUGG 


298 


HCV-5612 


5612 


AGGCCUC CUGAUGAG X CGAA AGGGCCC 


GGGCCCU U GAGGCCU 


299 


HCV-5620 


5620 


UGCCCAG CUGAUGAG X CGAA AGGCCUC 


GAGGCCU U CUGGGCA 


300 


HCV-5621 


5621 


UUGCCCA CUGAUGAG X CGAA AAGGCCU 


AGGCCUU C UGGGCAA 


301 


HCV-5674 


5674 


AGUGGAU CUGAUGAG X CGAA AGCCUGC 


GCAGGCU U AUCCACU 


302 


HCV-5675 


5675 


GAGUGGA CUGAUGAG X CGAA AAGCCUG 


CAGGCUU A UCCACUC 


303 


HCV-5767 


5767 


GAUGUUG CUGAUGAG X CGAA ACAGGAG 


CUCCUGU U CAACAUC 


304 


HCV-5768 


5768 


AGAUGUU CUGAUGAG X CGAA AACAGGA 


UCCUGUU C AACAUCU 


305 


HCV-5801 


5801 


GAGGAGC CUGAUGAG X CGAA AGUUGAG 


CUCAACU C GCUCCUC 


306 


HCV-5805 


5805 


CUGGGAG CUGAUGAG X CGAA AGCGAGU 


ACUCGCU C CUCCCAG 


307 


HCV-5821 


5821 


GAAGGCC CUGAUGAG X CGAA AAGCAGC 


GCUGCUU C GGCCUUC 


-308 




L.5427„ 


GCCCACG CUGAUGAG X CGAA AGGCCGA 


UCGGCCU U CGUGGGC 


30? 


;HCV-&82,Q:'^ 


-:582B. 


- CGCCCAC .CUGAUGAG_= X CGAA. AAGGCCG„.... 


^XGGCCUU "C GUGGGCG 


310 


HCV-5843 : 


-:58.4T 


CACCGGC CUGAUGAG"X''-eGAA-AUGC-CGG-- 


CCQGCAUla„ GCCGGlfe:_:;v 


311 


HCV-5858 


5858 


UGCUGCC CUGAUGAG X CGAA AUGGCCG 


CGGCCAU U. GGCAGCA 


312 


HCV-5867 


5867 


CAAGGCC CUGAUGAG X CGAA AUGCUGC 


GCAGCAU A GGCCXnJG 


313 


HCV-5873 


5873 


CCUUCCC CUGAUGAG X CGAA AGGCCUA 


UAGGCCU U GGGAAGG 


314 


HCV-5905 


5905 


CGCUCCA CUGAUGAG X CGAA AGC^CGC 


GCGGGCU A UGGAGCG 


315 


HCV-5930 


5930 


AAGCCAC CUGAUGAG X CGAA AGUGCAC 


GUGCACU C GUGGCUU 


316 


HCV-5937 


5937 


ACCUUAA CUGAUGAG X CGAA AGCCACG 


CGUGGCU U UUAAGGU 


317 


HCV-5938 


5938 


GACCUUA CUGAUGAG X CGAA AAGCCAC 


GUGGCUU U UAAGGUC 


318 


HCV-5939 


5939 


UGACCUU CUGAUGAG X CGAA AAAGCCA 


UGGCUUU U AAGGUCA . 


319 


HCV-5940 


5940 


AUGACCU CUGAUGAG X CGAA AAAAGCC 


GGCUUUU A AGGUCAU 


320 


HCV-5945 


5945 


CGCUCAU CUGAUGAG X CGAA ACCUUA.A 


UUAAGGU C AUGAGCG 


321 


HCV-5965 


5965 


CUCGGCG CUGAUGAG X CGAA AGGGCGC 


GCGCCCU C CGCCGAG 


322 


Hcv-sgai 


5981 


GCAAGUU CUGAUGAG X CGAA ACCAGGU 


ACCUGGU U AACUUGC 


323 


HCV-5982 


5982 


AGCAAGU CUGAUGAG X CGAA AACCAGG 


CCUGGUU A ACUUGCU 


324 


HCV-5990 


5990 


UGGCAGG CUGAUGAG X CGAA AGCAAGU 


ACUUGCU C CCUGCCA 


325 


HCV-6004 


6004 


GCCGGGG CUGAUGAG X CGAA AGAGGAU 


AUCCUCU C CCCCGGC 
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326 


HCV-6020 


6020 


CCCCGAC CUGAUGAG X CGAA ACCAGGG 


CCCUGGU C GUCGGGG 


327 


HCV-6023 


6023 


CGACCCC CUGAUGAG X CGAA ACGACCA 


UGGUCGU C GGGGUCG 


328 


HCV-6029 


6029 


CACACAC CUGAUGAG X CGAA ACCCCGA 


UCGGGGU C GUGUGUG 


329 


HCV-6044 


6044 


GACGCAG CUGAUGAG X CGAA AUUGCUG 


CAGCAAU C CUGCGUC 


330 


HCV-6051 


6051 


ACGUGCC CUGAUGAG X CGAA ACGCAGG 


CCUGCGU C GGCACGU 


331 


HCV-6106 


6106 


CGAAGCG CUGAUGAG X CGAA ACGCUAU 


AUAGCGU U CGCUUCG 


332 


HCV-6107 


6107 


GCGAAGC CUGAUGAG X CGAA AACGCUA 


UAGCGUU C GCUUCGC 


333 


HCV-6111 


6111 


CCCCGCG CUGAUGAG X CGAA AGCGAAC 


GUUCGCU U CGCGGGG 


334 


HCV-I6413 


6413 


UUUGCAU CUGAUGAG X CGAA AUGCCGU 


ACGGCAU C AUGCAAA 


335 


HCV-6574 


6574 


CCUGGAA CUGAUGAG X CGAA AGUUCGG 


CCGAACU A UUCCAGG 


336 


HC:V-6576 


6576 


GCCCUGG CUGAUGAG X CGAA AUAGUUC 


GAACUAU U CCAGGGC 


337 


HCV-6S77 


6577 


CGCCCUG CUGAUGAG X CGAA AAUAGUU 


AACUAUU C CAGGGCG 


338 


HCV-6637 


6637 


GUAGUGG CUGAUGAG X CGAA AGUCCCC 


GGGGACU U CCACUAC 


339 


HCV-6638 


6638 


CGUAGUG CUGAUGAG X CGAA AAGUCCC 


GGGACUU C CACUACG 


340 


HCV-6643 


6643 


CGUCACG CUGAUGAG X CGAA AGUGGAA 


UUCCACU A CGUGACG 


341 


HCV-6671 


6671 


GGCAUUU CUGAUGAG X CGAA ACGUUGU 


ACAACGU A AAAUGCC 


342 


HCV-6703 


6703 


GGUGAAG CUGAUGAG X CGAA AUUCGGG 


CCCGAAU U CUUCACC 


343 


HCV-6704 


6704 


CGGUGAA CUGAUGAG X CGAA AAUUCGG 


CCGAAUU C UUCACCG 


344 


HCV-6706 


6706 


UUCGGUG CUGAUGAG X CGAA AGAAUUC 


GAAUUCU U CACCGAA 


345 


HCV-67C7 


6707 


AUUCGGU CUGAUGAG X CGAA AAGAAUU 


AAUUCUU C ACCGAAU 


346 


HCV-671S 


6715 


CCCGUCC CUGAUGAG X CGAA AUUCGGU 


ACCGAAU U GGACGGG 


347 


HCV-6730 


6730 


CCUGUGC CUGAUGAG X CGAA ACCGCAC 


GUGCGGU U GCACAGG 


348 


HCV-6739 


6739 


CGGAGCG CUGAUGAG X CGAA ACCUGUG 


CACAGGU A CGCUCCG 


349 


HCV-6744 


6744 


CACGCCG CUGAUGAG X CGAA AGCGUAC 


GUACGCU C CGGCGUG 


350 


HCV-6759 


6759 


CGUAGGA CUGAUGAG X CGAA AGGUCUG 


CAGACCU C UCCUACG 


351 


HCV-6761 


6761 


CCCGUAG CUGAUGAG X CGAA AGAGGUC 


GACCUCU C CUACGGG 


352 


HCV-6764 


6764 


CCUCCCG CUGAUGAG X CGAA AGGAGAG 


CUCUCCU A CGGGAGG 


353 


HCV-6776 


6776 


GGAAUGU CUGAUGAG X CGAA ACAUCCU 


AGGAUGU C ACAUUCC 


354 


HCV-6782 


6782 


CGACCUG CUGAUGAG X CGAA AAUGUGA 


UCACAUU C CAGGUCG 


355^ 


HO/r6788 


6788 


UGAGCCC CUGAUGAG X CGAA ACCUGGA 


UCCAGGU C GGGCUCA 


356 


HCV-6794 


"6794 


- AUUGGUU CUGAUGAG-X-GGAA^AGCCCGA 


JJCGGGCU C AACCAlAU ^ ^ 


357 


HCV-6a02' 


6'802 


' 'AACCAGG''CyGAUGAG' -X'^CG^^^ 


--AAGGAAU^ A- GGUGGUU^^ ^ 


358 


HCV-6809 


6809 


GUGACCC CUGAUGAG- X CGAA ACGAGGU 


ACCUGGU U GGGUCAC 


359 


HCV-6 814 


6814 


GAGCUGU CUGAUGAG X CGAA ACCCAAC 


GUUGGGU C ACAGCUC 


360 


HCV-6821 


6821 


CGCAUGG CUGAUGAG X CGAA AGCUGUG 


CACAGCU C CCAUGCG 


361 


HCV-6906 


6906 


GCCAGCC CUGAUGAG X CGAA ACGUUUA 


UAAACGU A GGCUGGC 


362 


HCV-6922 


6922 


GGGGGGA CUGAUGAG X CGAA ACCCCCU 


AGGGGGU C UCCCCCC 


363 


HCV-6924 


6924 


GAGGGGG CUGAUGAG X CGAA AGACCCC 


GGGGUCU C CCCCCUC 


364 


HCV-6931 


6931 


GGCCAAG CUGAUGAG X CGAA AGGGGGG 


CCCCCCU C CUUGGCC 


365 


HCV-6934 


6934 


GCUGGCC CUGAUGAG X CGAA AGGAGGG 


CCCUCCU U GGCCAGC 


366 


HCV-6943 


6943 


AGCUGAA CUGAUGAG X CGAA AGCUGGC 


GCCAGCU C UUCAGCU 


367 


HCV-6958 


6958 


CGCAGAC CUGAUGAG X CGAA AUUGGCU 


AGCCAAU U GUCUGCG 


368 


HCV-6961 


6961 


AGGCGCA CUGAUGAG X CGAA ACAAUUG 


CAAUUGU C UGCGCCU 


369 


HCV-7034 


7034 


GCCACAG CUGAUGAG X CGAA AGGUUGG 


CCAACCU C CUGUGGC 


370 


HCV-7118 


7118 


CCGCUCG CUGAUGAG X CGAA AGCGGGU 


ACCCGCU U CGAGCGG 


371 


HCV-7119 


7119 


UCCGCUC CUGAUGAG X CGAA AAGCGGG 


CCCGCUU C GAGCGGA 


372 


HCV-7145 


7145 


CAACGGA CUGAUGAG X CGAA ACUUCCC 


GGGAAGU A UCCGUUG 
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373 


HCV-7195 


7195 


UAUGGGC CUGAUGAG X GGAA ACGCGGG 


CCCGCGU U GCCCAUA 


374 


HCV-7202 


7202 


GUGCCCA CUGAUGAG X CGAA AUGGGCA 


UGCCCAU A UGGGCAC 


375 


HCV-7218 


7218 


GGGUUGU CUGAUGAG X CGAA AUCCGGG 


CCCGGAU U ACAACeC 


376 


HCV-7219 


7219 


AGGGUUG CUGAUGAG X CGAA AAUCCGG. 


CCGGAUU A CAACCCU 


3 77 


HCV-7234 


7234 


GGACUCU CUGAUGAG X CGAA ACAGUGG 


CCACUGU U AGAGUCC 


37B 


HCV-7235 


7235 


AGGACUC CUGAUGAG X CGAA AACAGUG 


CACUGUU A GAGUCCU 


379 


HCV-7251 


7251 


UAGUCCG CUGAUGAG X CGAA ACUUUUC 


GAAAAGU' C CGGACUA 


380 


HCV-725a 


7258 


AGGGACG CUGAUGAG X CGAA AGUCCGG 


CCGGACU A CGUCCCU 


381 


HCV'-7262 


7262 


CCGGAGG CUGAUGAG X CGAA ACGUAGU 


ACUACGU C CCUCCGG 


382 


HCV-7266 

t*^^ V r & W VJ 


7266 


ACCGCCG CUGAUGAG X CGAA AGGGACG 




383 


HCV-728a 


7288 


AGGCGGC CUGAUGAG X CGAA AUGGGCA 


UGCCCAU U GCCGCPII 


384 


HCV-7296 


7296 


CCCGUGG CUGAUGAG X CGAA AGGCGGC 


GCCGCCU A CCACGGG 


385 


HCV-7354 


7354 


CACGGUG CUGAUGAG X CGAA ACUCUGU 


ACAGAGU C CACCGITC; 


386 


HCV-7386 


7386 


GUCUUAG CUGAUGAG X CGAA AGCCAGC 


GCUGGCU A CUAAGAC 


387 


HCV-7389 


7389 


AAAGUCU CUGAUGAG X CGAA AGUAGCC 


GGCUACU A AGACUUU 


388 


HCV-7395 


7395 


CUGCCGA CUGAUGAG X CGAA AGUCUUA 


UAAGACU U UCGGCAG 


389 


HCV-7396 


7396 


GCUGCCG CUGAUGAG X CGAA AAGUCUU 


AAGACUU U CGGCAGC 


390 


HCV-73 97 


7397 


AGCUGCC CUGAUGAG X CGAA AAAGUCU 


AGACUUU C GGCAGCU 


391 


HCV-7411 


7411 


GGCCGAC CUGAUGAG X CGAA AUCCGGA 


UCCGGAU C GUCGGCC 


392 


HCV-7414 


7414 


AACGGCC CUGAUGAG X CGAA ACGAUCC 


GGAUCGU C GGCCGUU 


393 


HCV-7421 


7421 


CGCUGUC CUGAUGAG X CGAA ACGGCCG 


CGGCCGU U GACAGCG 


394 


HCV-7498 


7498 


CAUGGAG CUGAUGAG X CGAA AGUACGA 


UCGUACU C CUCCAUG 


395 


HCV-7501 


7501 


GGGCAUG CUGAUGAG X CGAA AGGAGUA 


UACUCCU C CAUGCCC 


396 


KCV-7514 


7514 


CCCCCUC CUGAUGAG X CGAA AGGGGGG 


CCCCCCU U GAGGGGG 


397 


HCV-7539 


7539 


UCGCUGA CUGAUGAG X CGAA AUCAGGG 


CCCUGAU C UCAGCGA 


398 


HCV-7541 


7541 


CGUCGCU CUGAUGAG X CGAA AGAUCAG 


CUGAUCIJ C AGCGACG 


399 


HCV-7552 


7552 


AGACCAA CUGAUGAG X CGAA ACCCGUC 


gacgggu c uuggucu 


400 


HCV-7554 


7554 


GUAGACC CUGAUGAG X CGAA AGACCCG 


CGGGUCU U GGUCUAC 


401 


HCV-7558 


7558 


CACGGUA CUGAUGAG X CGAA ACCAAGA 


UCIJUGGU C UACCGUG 


4-02 


HCV-7560 


7560- 


- CUCACGG,CUGAUGAG X CGAA AGACCAA 


UUGGUCU A CCGUGAG 


4 03 


HCV-7589^ 


;75;89_ 


:::jAGGagac ^CUGAUGAG -x^ , 


ACGACAU C GUGUGCU 


4 04 


HCV-7592 


7592 


AGCAGCA* CDGAUGAG'^X^^^ 


- "AeAUGGui~G^UGcuaeu^^i': 


405 


HCV-7600 


7600 


GGACAUU CUGAUGAG X CGAA AGCAGCA 


UGCUGCU C AAUGUCC 


406 


KCV-7606 


7606 


UGUGUAG CUGAUGAG X CGAA ACAUUGA 


UCAAUGU C CUACACA 


407 


HCV-7667 


7667 


ACGCGUU CUGAUGAG X CGAA AUGGGCA 


UGCCCAU C AACGCGU 


408 


HCV-7723 


7723 


ACUGCGG CUGAUGAG X CGAA AUGUUGU 


ACAACAU C CCGCAGU 


409 


HCV-7775 


7775 


CGUCCAG CUGAUGAG X CGAA ACUUGCA 


UGCAAGU C CUGGACG 


410 


HCV-7789 


7789 


GUCCCGG CUGAUGAG X CGAA AGUGGUC 


GACCACU A CCGGGAC 


411 


HCV-7839 


7839 


AGAAGUU CUGAUGAG X CGAA AGCCUUA 


UAAGGCU A AACUUCU 


412 


HCV-7847 


7847 


CUACGGA CUGAUGAG X CGAA AGAAGUU 


AACUUCU A UCCGUAG 


413 


HCV-7849 


7849 


UUCUACG CUGAUGAG X CGAA AUAGAAG 


CUUCUAU C CGUAGAA 


414 


HCV-78S3 


7853 


CUUCUUC CUGAUGAG X CGAA ACGGAUA 


UAUCCGU A GAAGAAG 


415 


HCV-7894 


7894 


AAAUUUA CUGAUGAG X CGAA AUUUGGC 


GCCAAAU C UAAXUUU 


416 


HCV-7896 


7896 


CCAAAUU CUGAUGAG X CGAA AGAUUUG 


CAAAUCU A AAUUUGG 


417 


HCV-7900 


7900 


AUAGCCA CUGAUGAG X CGAA AUUUAGA 


UCUAAAU U UGGCUAU 


418 


KCV-7901 


7901 


CAUAGCC CUGAUGAG X CGAA AAUUUAG 


CUAAAUU U GGCUAUG 


419 


HCV-7906 


7906 


UGCCCCA CUGAUGAG X CGAA AGCCAAA 


UUUGGCU A UGGGGCA 
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420 


HCV-7955 


7955 


CGGAGCG CUGAUGAG X CGAA AUGUGGU 


ACCACAU C CGCUCCG 


421 


HCV-7960 


7960 


CCACACG CUGAUGAG X CGAA AGCGGAU 


AUCCGCU C CGUGUGG 


422 


HCV-B075 


8075 


AUACGAU CUGAUGAG X CGAA AGGCGAG 


CUCGCCU U AUCGUAU 


423 


HCV-B076 


8076 


AAUACGA CUGAUGAG X CGAA AAGGCGA 


UCGCCUU A UCGUAUU 


424 


HCV-8078 


8078 


GGAAUAC CUGAUGAG X CGAA AUAAGGC 


GCCUUAU C GUAUUCC 


425 


HCV-8170 


8170 


GAAUCCG CUGAUGAG X CGAA ACGAGGA 


UCCUCGU A CGGAUUC 


426 


HCV-8176 


8176 


GUACUGG CUGAUGAG X CGAA AUCCGUA 


UACGGAU U CCAGUAC 


427 


HCV-8182 


6182 


AGGAGAG CUGAUGAG X CGAA ACUGGAA 


UUCCAGU A CUCUCCU 


428 


HCV-8187 


8187 


UGCCCAG CUGAUGAG X CGAA AGAGUAC 


GUACUCU C CUGGGCA 


423 


HCV-8201 


8201 


GGAACUC CUGAUGAG X CGAA ACCCGCU 


AGCGGGU U GAGUUCC 


430 


HCV- 8206 


8205 


CACCAGG CUGAUGAG X CGAA ACUCAAC 


GUUGAGU U CCUGGUG 


431 


HCV-8207 


8207 


UCACCAG CUGAUGAG X CGAA AACUCAA 


UUGAGUU C CUGGUGA 


432 


HCV- 822 7 


8227 


UUUCUUU CUGAUGAG X CGAA AUUUCCA 


UGGAAAU C AAAGAAA 


433 


HCV-8357 


8357 


GCGACUU CUGAUGAG X CGAA AUGGCCU 


AGGCCAU A AAGUCGC 


434 


HCV-8362. 


8362 


CGUGAGC CUGAUGAG X CGAA ACUUUAU 


AUAAAGU C GCUCACG 


435 


HCV-8366 


8366 


GCUCCGU CUGAUGAG X CGAA AGCGACU 


AGUCGCU C ACGGAGC 


436 


HCV-a37a 


8378 


CGAUGUA CUGAUGAG X CGAA AGCCGCU 


AGCGGCU C UACAUCG 


437 


HCV-a380 


8380 


CCCGAUG CUGAUGAG X CGAA AGAGCCG 


CGGCUCU A CAUCGGG 


438 


HCV-8384 


8384 


GGCCCCC CUGAUGAG X CGAA AUGUAGA 


UCUACAU C GGGGGCC 


439 


HCV-8424 


8424 


CGGCGAU CUGAUGAG X CGAA ACCGCAG 


CUGCGGU U AUCGCCG 


440 


HCV-8425 


8425 


CCGGCGA CUGAUGAG X CGAA AACCGCA 


UGCGGUU A UCGCCGG 


441 


HCV-8427 


8427 


CACCGGC CUGAUGAG X CGAA AUAACCG 


CGGUUAU C GCCGGUG 


442 


HCV-8460 


8460 


CCGCAGC CUGAUGAG X CGAA AGUCGUC 


GACGACU A GCUGCGG 


443 


HCV-8508 


8508 


GCAGCUC CUGAUGAG X CGAA ACAGGCC 


GGCCUGU C GAGCUGC 


444 


HCV-8522 


8522 


AGUCCUG ■ CUGAUGAG X CGAA AGCUUUG 


CAAAGCU C CAGGACU 


445 


HCV-8S40 


3540 


CGUUCAC CUGAUGAG X CGAA AGCAUCG 


CGAUGCU C GUGAACG 


446 


HCV-855a 


8558 


UAACGAC CUGAUGAG X CGAA AGGUCGU 


ACGACCU U GUCGUUA 


447 


HCV-8561 


8561 


AGAUAAC CUGAUGAG X CGAA ACAAGGU 


ACCUUGU C GUUAUCU 


448 


HCV-8564 


8564 


CACAGAU CUGAUGAG X CGAA ACGACAA 


UUGUCGU U AUCUGUG 


449 


HCV-8638 


8638 


GGGGGCA CUGAUGAG X CGAA AGUACCU 


AGGUACU C UGCCCCC 


45.0 


HCV-a671 


86,7^1,, 


^ . , CAAQUC£^CUGAUG AUUCUGG-^ 


~"CCAGAAU^--eGftCUUQ- - 


4 51 


HCV- 8&98-- 


v^8698~> 


^--guuggaix^cugM 


^n^G^Gcu^c- cyccAAcr 


452 


HCV-a701 


8701 


CACGUUG .CUGAUGAG vrX: CGAA AGGAGCA 


- UGCUCCU C CAACGUG 


453 


HCV-8728 


8728 


UUUGCCG CUGAUGAG X CGAA AUGCGUC 


GACGCAU C CGGCAAA 


454 


HCV-8774 


8774 


CCCGUGC CUGAUGAG X CGAA AGGGGGG 


CCCCCCU U GCACGGG 


455 


HCV-8842 


8842 


GGGCGCA CUGAUGAG X CGAA ACAWSAU 


AUCAUGU A UGCGCCC 


456 


HCV- 8854 


8854 


UGCCCAU CUGAUGAG X CGAA AGGUGGG 


CCCACCU U AUGGGCA 


457 


HCV-8855 


8855 


UUGCCCA CUGAUGAG X CGAA AAGGUGG 


CCACCUU A UGGGCAA 


458 


HCV-8871 


8871 


GUCAUCA CUGAUGAG X CGAA AAUCAUC 


GAUGAUU U UGAUGAC 


459 


Hcv-aaao 


8380 


AAGAAGU CUGAUGAG X CGAA AGUCAUC 


GAUGACU C ACUUCUU 


460 


HCV- 8 931 


8931 


AUCUGAC CUGAUGAG X CGAA AUCCAGG 


CCUGGAU U GUCAGAU 


461 


HCV-8934 


8934 


UAGAUCU CUGAUGAG X CGAA ACAAUCC 


GGAUUGU C AGAUCUA 


462 


HCV-8939 


8939 


CCCCGUA CUGAUGAG X CGAA AUCUGAC 


GUCAGAU C UACGGGG 


463 


HCV-8941 


8941 


GGCCCCG CUGAUGAG X CGAA AGAUCUG 


CAGAUCU A CGGGGCC 


464 


HCV-9065 


9065 


GUUUCCU CUGAUGAG X CGAA AGGCAUG 


CAUGCCU C AGGAAAC 


465 


HCV-9074 


9074 


GUACCCC CUGAUGAG X CGAA AGUUUCC 


GGAAACU U GGGGUAC 


466 


HCV-9080 


9080 


AGGGCGG CUGAUGAG X CGAA ACCCCAA 


UUGGGGU A CCGCCCU 
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467 


HCV-9088 


9088 


GACUCGC CUGAUGAG X CGAA AGGGCGG 


CCGCCCU U GCGAGUC 


468 


HCV-9095 


9095 


GUCUCCA CUGAUGAG X CGAA ACUCGCA 


UGCGAGU C UGGAGAC 


469 


HCV-9119 


9119 


UAGCGCG CUGAUGAG X CGAA ACACUUC 


GAAGUGU C CGCGCUA 


470 


HCV-9126 


9126 


AGUAGCC CUGAUGAG X CGAA AGCGCGG 


CCGCGCU A GGCUACU 


471 


HCV-9131 


9131 


GGGACAG CUGAUGAG X CGAA AGCCUAG 


CUAGGCU A CUGUCCC 


472 


HCV-913 6 


9136 


CCCUUGG CUGAUGAG X CGAA ACAGUAG 


CUACUGU C CCAAGGG 


473 


HCV-9226 


9226 


CAGCUGG CUGAUGAG X CGAA ACGCGGC 


GCCGCGU C CCAGCUG 


474 


HCV-9238 


9238 


GCUGGAC CUGAUGAG X CGAA AGUCCAG 


CUGGACU U GUCCAGC 


475 


HCV-9^41 


9241 


CCAGCUG CUGAUGAG X CGAA ACAAGUC 


GACUUGU C CAGCUGG 


476 


HCV-9250 


9250 


AGCAACG CUGAUGAG X CGAA ACCAGCU 


AGCUGGU U CGUUGCU 


477 


HCV-9251 


9251 


CAGCAAC CUGAUGAG X CGAA AACCAGC 


GCUGGUU C GUUGCUG 


478 


HCV-9254 


9254 


AACCAGC CUGAUGAG X CGAA ACGAACC 


GGUUCGU U GCUGGUU 


479 


HCV-9278 


9278 


UGUGAUA CUGAUGAG X CGAA AUGUCUC 


GAGACAU A UAUCACA 


480 


HCV-9280 


9280 


GCUGUGA CUGAUGAG X CGAA AUAUGUC 


GAGAUAU A UCACAGC 


481 


HCV-9282 


9282 


AGGCUGU CUGAUGAG X CGAA AUAUAUG 


CAUAUAU C ACAGCCU 


482 


HCV-9292 


9292 


GGCACGA CUGAUGAG X CGAA ACAGGCU 


AGCCUGU C UCGUGCC 


483 


HCV-9326 


9326 


GUAGGAG CUGAUGAG X CGAA AGGCACC 


GGUGCCU A CUCCUAC 


484 


HCV-9329 


9329 


AAAGUAG CUGAUGAG X CGAA AGUAGGC 


GCCUACU C CUACUUU 


485 


HCV-9332 


9332 


CGGAAAG CUGAUGAG X CGAA AGGAGUA 


UACUCCU A CUUUCCG 


486 


HCV-9335 


9335 


CUACGGA CUGAUGAG X CGAA AGUAGGA 


UCCUACU U UCCGUAG 


487 


HCV-9336 


9336 


CCUACGG CUGAUGAG X CGAA AAGUAGG 


CCUACUU U CCGUAGG 


488 


HCV-9337 


9337 


CCCUACG CUGAUGAG X CGAA AAAGUAG 


CUACUUU C CGUAGGG 


489 


HCV-9341 


9341 


CUACCCC CUGAUGAG X CGAA ACGGAAA 


UUUCCGU A GGGGUAG. 


490 


HCV-9347 


9347 


AGAUGCC CUGAUGAG X CGAA ACCCCUA 


UAGGGGU A GGCAUCU 


491 


HCV-9353 


9353 


GCAGGUA CUGAUGAG X CGAA AUGCCUA . 


UAGGCAU C UACCUGC 


492 


HCV-93 55 


9355 


GAGCAGG CUGAUGAG X CGAA AGAUGCC 


GGCAUCU A CCUGCUC 


493 


HCV-93 62 


9362 


GGUUGGG CUGAUGAG X CGAA AGCAGGU 


ACCUGCU C CCCAACC 


494 


HCV-93 85 


9385 


GAGUGAU CUGAUGAG X CGAA AGCUCCC 


GGGAGCU A AUCACUC 


495 


HCV-93 88 


9333 


CUGGAGU CUGAUGAG X CGAA AUUAGCU 


AGCUAAU C ACUCCAG 


496 


HCV-9392 


9392 


UQGCCUG CUGAUGAG X CGAA AGUGAUU 


_ AAUCACU C CAGGCCA 


497 


HCV-9402_ 


9402.^ 


: ; GAUGGCC ^ CUGAUGAG. X, CGAA..AUUGGCC 


GGCCAAU A^GGCCAUC 



Where **X" represents stem II region of a HH ribozyme (Hertel et al, 1992 Nucleic Acids 
Res. 20: 3252). The length of stem II may be 2 base-pairs. 
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Table VI: Additional HCV Hammerhead (HH) Ribozyme and Target Sequence 



Pos. 


Ribozyme 


Substrate 


14 


CGCCCCC CUGAUGAG X CGAA AUCGGGG 


CCCCGAU U GGGGGCG 


34 


AGUGAUC CUGAUGAG X CGAA AUGGUGG 


CCACCAU A GAUCACU 


38 


GGGGAGU CUGAUGAG X CGAA AUCUAUG 


CAUAGAU C ACUCCCC 


42 


CACAGGG CUGAUGAG X CGAA AGUGAUC 


GAUCACU C CCeUGUG 


57 


AAGACAG CUGAUGAG X CGAA AGUUCCU 


AGGAACU A CUGUCUU 


62 


GCGUGAA CUGAUGAG X CGAA ACAGUAG 


CUACUGU C UUCACGC 


64 


CVGCGVG CUGAUGAG X CGAA AGACAGU 


ACUGUCU U CACGCAG 


65 


UCUGCGU CUGAUGAG X CGAA AAGACAG 


CUGUCUU C ACGCAGA 


79 


AUGGCUA CUGAUGAG X CGAA ACGCUUU 


AAAGCGU C UAGCCAU 


81 


CCAUGGC CUGAUGAG X CGAA AGACGCU. 


AGCGUCU A GCCAUGG 


92 


UCAUACU CUGAUGAG X CGAA ACGCCAU 


AUGGCGU U AGUAUGA 


93 


CUCAUAC CUGAUGAG X CGAA AACGCCA 


UGGCGUU A GUAUGAG 


96 


ACACUCA CUGAUGAG X CGAA ACUAACG 


CGUUAGU A UGAGUGU 


104 


GCUGCAC CUGAUGAG X CGAA ACACUCA 


UGAGUGU C GUGCAGC 


142 


AGACCAC CUGAUGAG X CGAA AUGGCUC 


GAGCCAU A GUGGUCU 


192 


AAGAAAG CUGAUGAG X CGAA ACCCGGU 


ACCGGGU C CUUUCUU 


195 


UCCAAGA CUGAUGAG X CGAA AGGACCC 


GGGUCCU U UCUUGGA 


196 


AUCCAAG CUGAUGAG X CGAA AAGGACC 


GGUCCUU U CUUGGAU 


197 


GAUCCAA CUGAUGAG X CGAA AAAGGAC 


GUCCUUU C UUGGAUC 


204 


GCGGGUU CUGAUGAG X CGAA AUCCAAG 


CUUGGAU C AACCCGC 


227 


ACGCCCA CUGAUGAG X CGAA AUCUCCA 


UGGAGAU U UGGGCGU 


228 


CACGCCC CUGAUGAG X CGAA AAUCUCC 


GGAGAUU U GGGCGUG 


282 


GUACCAC CUGAUGAG X CGAA AGGCCUU 


AAGGCCU U GCJGGUAC 


354.,, 


. GGqrUUAG OTGAUGAq X 


" CACGAAU C CUAAACC 


• "'357 


- -UGAGGUU CUGAUGAG~X-rCGAA:'SGGAUUC^ 


rrtSftAUeei^-ASUVGGUGA-- 


363 


UUUCUUU CUGAUGAG X CGAA AGGUUUA 


UAAACCU C AAAGAAA 


,381 


UAGGUGU CUGAUGAG X CGAA ACGUUUG 


CAAACGU A ACACGUA 


388 


GCGGCGG CUGAUGAG X CGAA AGGUGUU 


AACACCU A CCGCCGC 


431 


CACCAAC CUGAUGAG X CGAA AUCUGAC 


GUCAGAU C GUUGGUG 


434 


CUCCACC CUGAUGAG X CGAA ACGAUCU 


AGAUCGU U GGUGGAG 


443 


ACACGUA CUGAUGAG X CGAA ACUCCAC 


GUGGAGU U UACGUGU 


444 


AACACGU CUGAUGAG X CGAA AACUCCA 


UGGAGUU U ACGUGUU 


445 


CAACACG CUGAUGAG X CGAA AAACUCC 


GGAGUUU A C6UGUUG 


451 


GCGCGGC CUGAUGAG X CGAA ACACGUA 


UACGUGU U GCCGCGC 


SIS 


CUUCCAC CUGAUGAG X CGAA AGGUUGC 


GCAACCU C GUGGAAG 


688 


AUUGCGC CUGAUGAG X CGAA ACCUCCG 


CGGAGGU C GCGCAAU 


702 


AUGACCU CUGAUGAG X CGAA ACCCAGA 


UCUGGGU A AGGUCAU 


719 


CGCACGU CUGAUGAG X CGAA AGGGUAU 


AUACCCU C ACGUGCG 


740 


ACCCCAU CUGAUGAG X CGAA AGGUCGG 


CCGACCU C AUGGGGU 


861 


AUAGAGA CUGAUGAG X CGAA AGAGCAA 


UUGCUCU U UCUCUAU 
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862 


GAUAGAG CUGAUGAG X CGAA AAGAGCA 


UGCUCUU U CUCUAUC 


863 


AGAUAGA CUGAUGAG X CGAA AAAGAGC 


GCUCUUU C UCUAUCU 


865 


GAAGAUA CUGAUGAG X CGAA AGAAAGA 


UCUUUCU C UAUCUUC 


867 


AGGAAGA CUGAUGAG X CGAA AGAGAAA 


UUUCUCU A UCUUCCU 


869 


AGAGGAA CUGAUGAG X CGAA AUAGAGA 


UCUCUAU C UUCCUCU 


871 


CAAGAGG CUGAUGAG X CGAA AGAUAGA 


UCUAUCU U. CCUCUUG 


872 


CCAAGAG CUGAUGAG X CGAA AAGAUAG 


CUAUCUU C CUCUUGG 


875 


GGGCCAA CUGAUGAG X CGAA AGGAAGA 


UCUUCCU C UUGGCCC 


877 


CAGGGCC CUGAUGAG X CGAA AGAGGAA 


UUCCUCU U GGCCCUG 


889 


CAAACAG CUGAUGAG X CGAA ACAGCAG 


CUGCUGU C CUGUUUG 


894 


AUGGUCA CUGAUGAG X CGAA ACAGGAC 


GUCCUGU U UGACCAU 


895 


GAUGGUC CUGAUGAG X CGAA AACAGGA 


UCCUGUU U GACCAUC 


902 


AAGCUGG CUGAUGAG X CGAA AUGGUCA 


UGACCAU C CCAGCUU 


909 


UAAGCGG CUGAUGAG X CGAA AGCUGGG 


CCCAGCU U CCGCUUA 


910 


AUAAGCG CUGAUGAG X CGAA AAGCUGG 


CCAGCUU C CGCUUAU 


915 


ACCUGAU CUGAUGAG X CGAA AGCGGAA 


UUCCGCU U AUCAGGU 


916 


CACCUGA CUGAUGAG X CGAA AAGCGGA 


UCCGCUU A UCAGGUG 


918 


CGCACCU CUGAUGAG X CGAA AUAAGCG 


CGCUUAU C AGGUGCG 


934 


CAGCCCG CUGAUGAG X CGAA AUGCGUU 


AACGCAU C CGGGCUG 


943 


GACAUGG CUGAUGAG X CGAA ACAGCCC 


GGGCUGU A CCAUGUC 


950 


CAUUCGU CUGAUGAG X CGAA ACAUGGU 


ACCAUGU C ACGAAUG 


964 


UGAGUUG CUGAUGAG X CGAA AGCAGUC 


GACUGCU C CAACUCA 


970 


AAUGCUU CUGAUGAG X CGAA AGfJUGGA 


UCCAACU C AAGCAUU 


977 


CAUACAC CUGAUGAG X CGAA AUGCUUG 


CAAGCAU U GUGUAUG 


1008 


CCGGGGG CUGAUGAG X CGAA AUGCAUG 


CAUGCAU A CCCCCGG 


1067 


UGGGAGU CUGAUGAG X CGAA AGCGCUA 


UAGCGCU C ACUCCCA 


1071 


AGCGUGG CUGAUGAG X CGAA AGUGAGC 


GCUCACU C CCACGCU 


1079 


UGGCCGC CUGAUGAG X CGAA AGCGUGG 


CCACGCU C GCGGCCA 


1100 


UAGUGGG CUGAUGAG X CGAA AUGCUGG 


CCAGCAU C CCCACUA 


1107 


AUUGUCG CUGAUGAG X CGAA AGUGGGG . 


CCCCACU A CGACAAU 


-l ldS - ^ ' 


■ GGGGUCG CUGAUGAG' X" CGAA' AUUGUCG"-" 


^ CGACAA0"''A CGACGCC. - 


1152 


GAACAGA CUGAUGAG X CGAA AGCGGCC 


GGCCGCU U UCUGUUC 


1181 


AUCCGCA CUGAUGAG X CGAA AGGUCCC 


GGGACCU C UGCGGAU 


1199 


GGGAGAC CUGAUGAG X CGAA AGGAAAA 


UUUUCCU C GUCUCCC 


1202 


ACUGGGA CUGAUGAG X CGAA ACGAGGA 


UCCUCGU C UCCCAGU 


1204 


CAACUGG CUGAUGAG X CGAA AGACGAG 


CUCGUCU C CCAGUUG 


1210 


GGUGAAC CUGAUGAG X CGAA ACUGGGA 


UCCCAGU U GUUCACC 


1213 


GAAGGUG CUGAUGAG X CGAA ACAACUG 


CAGUUGU U CACCUUC 








1219 


AGGCGAG CUGAUGAG X CGAA AGGUGAA 


UUCACCU U CUCGCCU 


1220 


GAGGCGA CUGAUGAG X CGAA AAGGUGA 


UCACCUU C UCGCCUC 


1222 


GCGAGGC CUGAUGAG X CGAA AGAAGGU 


ACCUUCU C GCCUCGC 


1227 


UACCGGC CUGAUGAG X CGAA AGGCGAG 


CUCGCCU C GCCGGUA 


1234 


UGUCUCA CUGAUGAG X CGAA ACCGGCG 


CGCCGGU A UGAGACA 


1244 


AGUCCUG CUGAUGAG X CGAA ACUGUCU 


AGACAGU A CAGGACU 


1257 


AUUGAGC CUGAUGAG X CGAA AUUGCAG 


CUGCAAU U GCUCAAU 
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1261 


AUAGAUU CUGAUGAG X CGAA AGCAAUU 


AAUUGCU C AAUCUAU 


1265 


CGGGAUA CUGAUGAG X CGAA AUUGAGC 


GCUCAAU C UAUCCCG 


1267 


GCCGGGA CUGAUGAG X CGAA AGAUUGA 


UCAAUCU A UCCCGGC 


1269 


UGGCCGG CUGAUGAG X CGAA AUAGAUU 


AAUCUAU C CCGGCCA 


1299 


AUAUCCC CUGAUGAG X CGAA AGCCAUG 


CAUGGCU U GGGAUAU 


1305 


AUCAUCA CUGAUGAG X CGAA AUCCCAA 


UUGGGAU A UGAUGAU 


1321 


UGUAGGC CUGAUGAG X CGAA ACCAGUU 


AACUGGU C GCCUACA 


1326 


GCUGUUG CUGAUGAG X CGAA AGGCGAC 


GUCGCCU A CAACAGC 


1337 


ACACCAC CUGAUGAG X CGAA AGGGCUG 


CAGCCCU A GUGGUGU 


1345 


UAACUGC CUGAUGAG X CGAA ACACCAC 


GUGGUGU C GCAGUUA 


1351 


CCGGAGU CUGAUGAG X CGAA ACUGCGA 


UCGCAGU U ACUCCGG 


1352 


UCCGGAG CUGAUGAG X CGAA AACUGCG 


CGCAGUU A CUCCGGA 


1355 


GGAUCCG CUGAUGAG X CGAA AGUAACU 


AGUUACU C CGGAUCC 


1361 


CUUGUGG CUGAUGAG X CGAA AUCCGGA 


UCCGGAU C CCACAAG 


1449 


AAGACCU CUGAUGAG X CGAA AGCCCAG 


CUGGGCU A AGGUCUU 


1454 


CAAUCAA CUGAUGAG X CGAA ACCUUAG 


CUAAGGU C UUGAUUG 


1456 


CACAAUC CUGAUGAG X CGAA AGACCUU 


AAGGUCU U GAUUGUG 


1460 


ACAUCAC CUGAUGAG X CGAA AUCAAGA 


UCUUGAU U GUGAUGU 


1468 


AAAGAGU CUGAUGAG X CGAA ACAUCAC 


GUGAUGU U ACUCUUU 


1469 


CAAAGAG .CUGAUGAG X CGAA AACAUCA 


UGAUGUU A CUCUUUG 


1472 


CGGCAAA CUGAUGAG X CGAA AGUAACA 


UGUUACU C UUUGCCG 


1474 


GCCGGCA CUGAUGAG X CGAA AGAGUAA 


. UUACUCU U UGCCGGC 


1475 


CGCCGGC CUGAUGAG X CGAA AAGAGUA 


UACUCUU U GCCGGCG 


1484 


CCCCGUC CUGAUGAG X CGAA ACGCCGG 


CCGGCGU U GACGGGG 


1493 


UGUAAGU CUGAUGAG X CGAA ACCCCGU 


ACGGGGU C ACUUACA 


1497 


GUCGUGU CUGAUGAG X CGAA AGUGACC 


GGUCACU U ACACGAC 


1498 


UGUCGUG CUGAUGAG X CGAA AAGUGAC 


GUCACUU A CACGACA 


1513 


AGCUUGC CUGAUGAG X CGAA ACCCCCC 


GGGGGGU C GCAAGCU 


1521 
15 3 8 


GUGUGGC CUGAUGAG X CGAA AGCUUGC 


GCAAGCU C GCCACAC 


.AGGACGU CUGAUGAG X CGAA ACGCUCU 


AOAOOOTT O AOOTTOOTT 

AGAGCGU C ACGUCCU 


^~d543-~ 


~GAAGAAG 'GUGAUGAGiiX- CGAA AGGuGAC.. . 


..pGUCACGyi, C,,^,CUUCUUC.-, 


1546 


GGUGAAG CUGAUGAG A CGAA ACiviAuCjU 


-'AOOfTOOfT IT OTTTTOAOO 

ACuUCCU U CUUCACC 


1547 


GGGUGAA CUGAUGAG X CGAA AAGGACG 


OOfTOOfTTT O T TT TO A OOO 

CGUCCUU C UUCACCC 


134 9 


TTTT/^y^/^ITrt Of T/^ A f T/^ J\ r» V f^f^T^Ti Ar^afc/^r^S 

UUGGGUG CUGAUGAG a CGAA AuAAVjOA 


UCCUUCU U CACCCAA 


1 c c n 


CUUGuvjU CUvjAUurAt? A CvjAA AAVjAAVjo 


OOTTTTIOTTTT O BOOOAAO 


1574 


T T/^ A o r^T ir^ ^r* a t t/^ a v A A A T TT tot TOT T 

UGAGCUG CUGAUGAG A CGAA AUUCUCU 


AOnORATT O OAOOTTOA 

ALjACjAAU C CAQjCUCA 


icon 


TTOITTTTTATT Ot TO AT TO AO V OOAA AOOTTOOA 

UGUUUAU CuGAUuAvj a CtjAA AurCUuuA 


TTOOaOOTT O ATTRAAOIV 

UCCAuCU C AUAAACA 


1583 


TTOOTTOTTTT OTTOAfTOAO V OOA A ATTOAOOTT 

UGGUGUU CUGAUGAG A CGAA AUCsAviCU 


AOOTTOAfT A AAOAOOA 

AGCUCAU A AACACCA 


X o u / 




GGrAr ATI r AACAnGA 


1636 


GUUGAGG CUGAUGAG X CGAA AUUCAUU 


AAUGAAU C CCUCAAC 


1S40 


CGGUGUU CUGAUGAG X CGAA AGGGAUU 


AAUCCCU C AACACCG 


1651 


GGCAAAG CUGAUGAG X CGAA ACCCGGU 


ACCGGGU U CUUUGCC 


1652 


CGGCAAA CUGAUGAG X CGAA AACCCGG 


CCGGGUU C UUUGCCG 


1654 


UGCGGCA CUGAUGAG X CGAA AGAACCC 


GGGUUCU U UGCCGCA 


1655 


GUGCGGC CUGAUGAG X CGAA AAGAACC 


GGUUCUU U GCCGCAC 


1666 


UGCGUAG CUGAUGAG X CGAA ACAGUGC 


GCACUGU U CUACGCA 
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1667 


GUGCGUA CUGAUGAG X CGAA AACAGUG 


CACUGUU C UACGCAC 


1669 


GUGUGCG CUGAUGAG X CGAA AGAACAG 


CUGUUCU A CGCACAC 


1681 


CGAGUUG CUGAUGAG X CGAA A.CUUGUG 


CACAAGU U CAACUCG 


1682 


ACGAGUU CUGAUGAG X CGAA AACUUGU ' 


ACAAGUU C AACUPGTT 


1687 


UCCGGAC CUGAUGAG X CGAA AGUUGAA 


TTTTCAACTT P HTTPPPPA 


1690 


GCAUCCG CUGAUGAG X CGAA ACGAGUU 


AAPTTPGTT P P^i^ATTPP 


1723 


GUCGAUG CUGAUGAG X CGAA AGCUGCA 


TTGPAGPTT P PATTPPAP 


X t Qt 




PIPPTTATT "h T\(^r»r» 


1773 


AGGtlPCr CUGAUGAG X CGAA AGGCTICG 


PfZA/^PPTT a fV/^T^rriTT 


1785 


GGCCTTCTT CT7GAUGAG V CGAA ATTCCAfZG 


PPTT/'^/^ATT r* a/^a/^i^r"/^ 


1794 


CAGPAGTT CTTGATTGAG Y Cf^AA AOflPPTTP 


uH(jvjL.CU U AwUGCUG 


X a Q ^ 




. L.(.ACjUGU a cuguuuc 


JL a o o 


nnCZGIT/^a PTTflATTfZAf^ Y PfSAA APA^^TTAP 


uUAv.UCjU u ucacccc 


1867 


TTGGGGITG PTTGATTGAG Y PGA A AAPAriTTA 


TTftPTTr^TTTT TT r^nr«/^r^/^A 


xo 00 


jninnnntj mtn^Tin^n y PrtAA aaapapit 


R^TTOITTTTT O 7\ *^/^/^On 


X 7 3 3 


TTPTTTTPAP PT7(^ATTnAP Y P^^AA APPAPPA 


UCjCUCjCU u cucaaca 


X 7 3 O 


ITTTflTTTTf3A PfTrtATI/^AG Y PHAA AAPPAPP 


/^(^TTOOTTTT TTr^* 71 /^n IS 

tjLUkjCUU c ucaacaa 


X 73 O 


TTGITTTnTTU PTTGATTGAG Y PGAA ArSAAflPA 


TTrtPTTTTPIT r* 7\7vr»AT\r'A 

Uuk.UU(-u L AAuAALA 


2020 


PITTIGGITG PTTGATTGAG Y PGAA APPPAGTT 


AL.UUUV7U U ^AL(-AAur 


2021 


UCUTJGGU CUGAUGAG X CGAA AACCCAG 


PTTGGGTTTT P APPAAPA 


2094 


CGAAAGP CUGAUGAG Y CGAA AITCCGTTG 


PAPPf^ATT' TT r^r'TTTTTTr'O 


2098 


CTTTTCCGA CTTGATTGAG Y CGAA AGCAATTP 


PATTTTflPTT TT TTPPPAfiP 


2099 


•GCUUCCG CUGAUGAG X CGAA AAGCAAU 


ATTTTGPTTTT TT PGnAArSP 


2100 


UGClJilCC CUGAUGAG X CGAA AAAGCAA 


TTTTGPTTTTTT P nrSAiPPA 


2157 


AUACACC CUGAUGAG X CGAA AGGUGUU 


AAPAPPTT A P/^TT(^TTAT7 


2163 


TTCAACTTA CTTGATTGAG Y CGAA APAPPTTA 


riAfSfjnrsTT a TTAprTTif^a 


2165 


AGUCAAC CUGAUGAG X CGAA AUACACC 


GGTTGT7ATT A PTTTTPAPTT 


2168 


GGUAGUC CUGAUGAG X CGAA ACUAUAC 


GITATTAGTT TT GAPtTAPP 


2173 


GUAUGGG CUGAUGAG X CGAA AGUCAAC 


GITUGACTT A PPP A TT A P 


— 2179 


"GAGCCUG^ CUGAUGAG'""X'^ CGAA" AUGGGUA" -'^ 




\*;;;'2'r86l' 


AGUGGGA ^:CUGAUGAG~X-;GGAA - AGGCUGU^ - - 


- - AC AGGGU^* C- UGGCACTT - - 


2194 


GCAGGGG CUGAUGAG X: CGAA AGUGCCA 


UGGCACU A CCCCUGC 


2207 


UAAAGUU CUGAUGAG X CGAA ACAGUGC 


GCACUGU C AACUUUA 


2212 


GAUGGUA CUGAUGAG X CGAA AGUUGAC 


GUCAACU U UACCAUC 


2213 


AGAUGGU CUGAUGAG X CGAA AAGUUGA 


UCAACUU U ACCAUCU 


2214 


AAGAUGG CUGAUGAG X CGAA AAAGUUG 


CAACUUU A CCAUCUU 


2222 


UAACCUU CUGAUGAG X CGAA AAGAUGG 


CCAUCUU U AAGGUUA 


2223 


CUAACCU CUGAUGAG X CGAA AAAGAUG 


CAUCUUU A AGGUUAG 


2228 


ACAUCCU CUGAUGAG X CGAA ACCUUAA 


UUAAGGU U AGGAUGU 


2229 


UACAUCC CUGAUGAG X CGAA AACCUUA 


UAAGGUU A GGAUGUA 


2236 


CCCCACA CUGAUGAG X CGAA ACAUCCU 


AGGAUGU A UGUGGGG 


2283 


UCUCCUC CUGAUGAG X CGAA AGUCCAG 


CUGGACU C GAGGAGA 


2366 


AACAGGG CUGAUGAG X CGAA AGUGUCU 


AGACACU U CCCUGUU 


2367 


GAACAGG CUGAUGAG X CGAA AAGUGUC 


GACACUU C CCUGUUC 


2373 


GUGAAGG CUGAUGAG X CGAA ACAGGGA 


UCCCUGU U CCUUCAC 


2374 


GGUGAAG CUGAUGAG X CGAA AACAGGG 


CCCUGUU C CUUCACC 
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O T7 T 


GGUGGUG CuGAUGAG X CGAA AGGAACA 


UGUUCCU U CACCACC 


'Jl'7 a 
^ J f a 


GUGUGGU CUGAUGAG X CGAA AAGGAAC 


GUUCCUU C ACCACCC 


•3 1 Q T 


GAGCCGG CUGAUGAG X CGAA AGGGUGG 


CCACCCU A CCGGCUC 


•5 "5 Q /I 


GUGGACA CUGAUGAG X CGAA AGCCGGU 


ACCGGCU C UGUCCAC 


"3 o a 
« J 7 a 


ACCAGUG CUGAUGAG X CGAA ACAGAGC 


GCUCUGU C CACUGGU 


O Art £ 


UGGAUCA CUGAUGAG X CGAA ACCAGUG 


CACUGGU U UGAUCCA 




GUGGAUC CUGAUGAG X CGAA AACCAGU 


ACUGGUU U GAUCCAC 


^4 1 J. 


T\ /^/^T ^Tr/~1 IV r TV n V TV TV TV r TV 11 TV n 

GGAGGUG CUGAUGAG X CGAA AUCAAAC 


GUUUGAU C CACCUCC 


*5 A yl "5 • 


GUACAGG CUGAUGAG X CGAA ACUGCAC 


GUGCAGU A CCUGUAC 


^44 9 


UAUACCG CUGAUGAG X CGAA ACAGGUA 


UACCUGU A CGGUAUA 


24 3 4 


^T^O^^TTTV T/^ TV T T/^ IV V TV TV TV^/^^**1vn 

GACCCUA CUGAUGAG X CGAA. ACCGUAC 


GUACGGU A UAGGGUC 


•5 il C £ 
^43 0 


CUGACCC CUGAUGAG X CGAA AUACCGU 


ACGGUAU A GGGUCAG 


24b i 


AACCGCU CUGAUGAG X CGAA ACCCUAU 


AUAGGGU C AGCGGUU 


246 6 


AGGAGAC CUGAUGAG X CGAA ACCGCUG 


CAGCGGU U GUCUCCU 


2471 


CAAAGGA CUGAUGAG X CGAA ACAACCG 


CGGUUGU C UCCUUUG 


2473 


CACAAAG CUGAUGAG X CGAA AGACAAC 


GUUGUCU C CUUUGUG 


2476 


GAUCACA CUGAUGAG X CGAA AGGAGAC 


GUCUCCU U UGUGAUC 


2477 


UGAUCAC CUGAUGAG X CGAA AAGGAGA 


UCUCCUU U GUGAUCA 


2483 


CCCAUUU CUGAUGAG X CGAA. AUCACAA 


UUGUGAU C AAAUGGG 


2494 


CACGAUA CUGAUGAG X CGAA ACUCCCA 


UGGGAGU A UAUCGUG 


2496 


AACACGA CUGAUGAG X CGAA AUACUCC 


GGAGUAU A UCGUGUU 


2498 


GCAACAC CUGAUGAG X CGAA AUAUACU 


AGUAUAU C GUGUUGC 


2503 


GAAAAGC CUGAUGAG X CGAA ACACGAU 


AUCGUGU U GCUUUUC 


2507 


GAAGGAA CUGAUGAG X CGAA AGCAACA 


UGUUGCU U UUCCUUC 


2508 


AGAAGGA CUGAUGAG X CGAA AAGCAAC 


GUUGCUU U UCCUUCU 


250 9 


GAGAAGG CUGAUGAG X CGAA AAAGCAA 


UUGCUUU U CCUUCUC 


2bX0 


GGAGAAG CUGAUGAG X CGAA AAAAGCA 


UGCUUUU C CUUCUCC 


•3 CI T 
2 3 X J 


TV TV /^T T/^ TV T rr^ TV ^ V TV TV TV /*Y TV TV TV -H 

CCAGGAG CUGAUGAG X CGAA AGGAAAA 


UUUUCCU U CUCCUGG 


^ 3 X 


GCUAGGA CUGAUGAG A CGAA AAGGAAA 


UUUCCUU C UCCUGGC 


£ 3 X O 




UCCUUCU C CUGGCGG 


25^ S'" 


v. A u v« ^ w oAU G Avj - A • . V.G AA. AG-S • AGG v- , -. 


, r GCCUGCU M GtrGGAuG 


2564 




UGCUGAU A GCCCAGG 


2614 




GCGGCGU L CCUGGCC 


2636 




AUGGCAU U GUCUCCU 


2637 


AAGGAGJV niGATTGAG Y PGA A AATTGrPA 


. UvjVj^^nUU C UCUCCUU 


2639 


GGAAGGA CUGALTGAG X PGAA AGAATTGP 


GPATTTTnT P TTPPTTTTrT* 
uUAUULU V» UUCUUCC 


2641 


AAGGAAG PTTGAITGAG Y PGAA AG AG A ATT 


ATTTTPTTrTT P PTTTTPPTTTT 
AUUV.UUU C CUUCCUU 


2644 


CACAAGG PUGATIGAG Y PGAA AGGAGAG 


^UuUk^^U U CCUUGUG 


2645 


ACACAAG CUGAUGAG X CGAA AAGGAGA 


UCUCCUU C CUUGUGU 


2648 


AAAACAC CUGAUGAG X CGAA AGGAAGG 


CCUUCCU U GUGUUUU 


2653 


ACAGAAA CUGAUGAG X CGAA ACACAAG 


CUUGUGU U UUUCUGU 


2654 


CACAGAA CUGAUGAG X CGAA AACACAA 


UUGUGUU U UUCUGUG 


2655 


GCACAGA CUGAUGAG X CGAA AAACACA 


UGUGUUU U UCUGUGC 


2656 


GGCACAG CUGAUGAG X CGAA AAAACAC 


GUGUUUU U CUGUGCC 


2657 


CGGCACA CUGAUGAG X CGAA AAAAACA 


UGUUUUU C UGUGCCG 


2732 


GGAGCAG CUGAUGAG X CGAA AGCAGCG 


CGCUGCU C CUGCUCC 
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2749 


UGGUGGU CUGAUGAG X CGAA ACGCCAG 


CUGGCGU U ACCACCA 


2750 


GUGGUGG CUGAUGAG X CGAA AACGCCA 


UGGCGUU A CCACCAC 


2791 


UCCACAC CUGAUGAG X CGAA AUGCAGC 


GCUGCAU C GUGUGGA 


2807 


CUACAAA CUGAUGAG X CGAA ACCACCC 


GGGUGGU U UUUGUAG 


2808 


CCUACAA CUGAUGAG X CGAA AACCACC 


GGUGGUU U UUGUAGG 


2809 


ACCUACA CUGAUGAG X CGAA AAACCAC 


GUGGUUU U UGUAGGU 


2810 


GACCUAC CUGAUGAG X CGAA AAAACCA 


UGGUUUU U GUAGGUC 


2813 


UUAGACC CUGAUGAG X CGAA ACAAAAA 


UUUUUGU A GGUCUAA 


5fl 1 7 

X f 


' ACitlAtlTTA CUGAUGAG X CGAA ACCUACA 


UGUAGGU C UAAUACU 


« O JL 7 


aGAGTTAU niGAUGAG X CGAA AGACCUA 


UAGGUCU A AUACUCU 


^ o z 


TTrAAGAG niGATTGAG V CGAA AUUAGAC 


GUCUAAU A CUCUUGA 


^ O Z 3 


aGTSITPJlIi, PTTGAT7GAG Y fGAA AGtlAtJlIA 


UAAUACU C UUGAPPU 




PAJVGGTTP rriGAUGAG X CGAA AGAGUAU 


AUACUCU U GACCUUG 


& O J J 


TTGGTinaP PITGAFTGAG y PGAA AGGUCAA 


UUGACCU U GUCACCA 


om 

^ □ J o 


ntTGTTGGn rriGATIGAG X CGAA ACAAGGU 


ACCUUGU C ACCACAC 


0 R d ^ 


PI1PTTT7T7G PTTGZXTTGAG Y PGAA AGUGUGG 


CCACACU A CAAAGUG 




nripnaGG pttgatigag y pgaa apaptttiti 


AAAGUGU U CCUCGCP 


0 fl <; 


TTGGPGAG PTTGATTGAG Y PGAA AAPAPITU 


AAGUGUU C CUCGPPA 




nPPTIGGP PTTGATIGAG X CGAA AGGAACA 


UGUUCCU C GCCAGGC 


^ O D / 


APPATTATT PTTGATTGAG Y PGAA AGPPTJGG 


CCAGGCU C AUAUGGU 


■5R7n 


APPAPPA PTTGAUGAG X CGAA AUGAGCC 


GGCUCAU A UGGUGGU 


OR R Q 


PTTrJGFTGA PTTGAFTGAG Y PGAA AAAGUAU 


AUACUUU A UCACCAG 




CldCUGGVI CUGAUGAG X CGAA AUAAAGU 


ACUUUAU C ACCAGGG 


A 7 7 J 


PAAAGAU CUGAUGAG X CGAA AGCUCUG 


CAGAGCU A AUCUUUG 


A 7 7 O 


TJGUCAAA CUGAUGAG X CGAA AUUAGCU 


AGCUAAU C UUUGACA 


2998 


AAUGUCA CUGAUGAG X CGAA AGAUUAG 


CUAAUCU U UGACAUU 


2999 


TIAAlTGtIP CUGAUGAG X CGAA AAGAUUA 


UAAUCUU U GACAUUA 


3005 


GUUUGGU CUGAUGAG X CGAA AUGUCAA 


UUGACAU U ACCAAAC 


3006 


AGUUUGG CUGAUGAG X CGAA AAUGUCA 


UGACAUU A CCAAACU 


" 3 0 1"4 


CGAGCAG ' CUGAUGAG" X- CGAA "AGUUUGG^- 


— G<i^tftAGU"C" GUGCUCG^^ 


•3020 T 


— GAAUGGG f CUGAUGAG :: X:.,GGAA' AGCAGGA'-'^ 


-^^U€GyGCy-^C-GGCAUUG - 


3026 


GACGGAG. CUGAUGAG. X CGAA AUGGCGA 


■ UCGCCAU U- CUCGGUC 


3027 


GGACCGA CUGAUGAG X CGAA AAUGGCG 


CGCCAUU C UCGGUCC 


3029 


GCGGACC CUGAUGAG X CGAA AGAAUGG 


CCAUUCU C GGUCCGC 


3033 


AUGAGCG CUGAUGAG X CGAA ACCGAGA 


UCUCGGU C CGCUCAU 


3038 


GCACCAU CUGAUGAG X CGAA AGCGGAC 


GUCCGCU C AUGGUGC 


3047 


CAGCCUG CUGAUGAG X CGAA AGCACCA 


UGGUGGU C CAGGCUG 


3073 


UACAAAG CUGAUGAG X CGAA ACGGCAU 


AUGCCGU A CUUUGUA 


3076 


GCGUACA CUGAUGAG X CGAA AGUACGG 


CCGUACU U UGUACGC 


3077 


CGCGUAC CUGAUGAG X CGAA AAGUACG 


CGUACUU U GUACGCG 


3080 


GAGCGCG CUGAUGAG X CGAA ACAAAGU 


ACUUUGU A CGCGCUC 


3087 


AGCCCCU CUGAUGAG X CGAA AGCGCGU 


ACGCGCU e AGGGGCU 


3095 


CACGAAU CUGAUGAG X CGAA AGCCCCU 


AGGGGCU U AUUCGUG 


3096 


GCACGAA CUGAUGAG X CGAA AAGCCCC 


GGGGCUU A UUCGUGC 


3098 


AUGCACG CUGAUGAG X CGAA AUAAGCC 


GGCUUAU U CGUGCAU 


3099 


CAUGCAC CUGAUGAG X CGAA AAUAAGC 


GCUUAUU C GUGCAUG 
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3 112 


CCGCACC CUGAUGAG X CGAA ACAUGCA 


UGCAUGU U GGUGCGG 




CUCCGGC CUGAUGAG X CGAA ACUUUCC 


GGAAAGU A GCCGGAG 


3 18 0 


ACGUACG CUGAUGAG X CGAA ACCUGUC 


GACAGGU A CGUACGU 


3 18 4 


AUAGACG CUGAUGAG X CGAA ACGUACC 


GGUACGU A CGUCUAU 


3 IS 8 


GGUCAUA CUGAUGAG X CGAA ACGUACG 


CGUACGU C UAUGAGC 


3190 


AUGGUCA CUGAUGAG X CGAA AGACGUA 


UACGUCU A UGACCAU 


3198 


GGGGUAA CUGAUGAG X CGAA AUGGUCA 


UGACCAU C UUACCCC 


3200 


GCGGGGU CUGAUGAG X CGAA AGAUGGU 


ACCAUCU U ACCCCGC 


320L 


AGCGGGG CUGAUGAG X CGAA AAGAUGG 


CCAUCUU A CCCCGCU 


3254 


CGGGCUC CUGAUGAG X CGAA ACUGCCA 


UGGCAGU A GAGCCCG 


3269 


UGUCAGA CUGAUGAG X CGAA AAGACGA 


UCGUCUU C UCUGACA 


3271 


CAUGUCA CUGAUGAG X CGAA AGAAGAC 


GUCUUCU C UGACAUG 


3374 


GUCCCAG CUGAUGAG X CGAA AGUAUCU 


AGAUACU U CUGGGAC 


3375 


GGUCCCA CUGAUGAG X CGAA AAGUAUC 


GAUACUU C UGGGACC 


33 90 


UCAAUGC CUGAUGAG X CGAA AUCGGCC 


GGCCGAU A GCAUUGA 


3395 


GCCCUUC CUGAUGAG X CGAA AUGCUAU 


AUAGCAU U GAAGGGC 


3436 


UUGGGCG CUGAUGAG X CGAA AGGCCGU 


ACGGCCU A CGCCCAA 


3458 


. AACCAAG CUGAUGAG X CGAA AGGCCCC 


GGGGCCU A CUUGGUU 


3461 


UGCAACC CUGAUGAG X CGAA AGUAGGC 


GCCUACU U GGUUGCA 


3465 


ACAAUGC CUGAUGAG X CGAA ACCAAGU 


ACUUGGU U GCAUUGU 


3470 


UAGUAAC CUGAUGAG X CGAA AUGCAAC 


GUUGCAU U GUUACUA 


3473 


GGCUAGU CUGAUGAG X CGAA ACAAUGC 


GCAUUGU U ACUAGCC 


3474 


AGGCUAG CUGAUGAG X CGAA AACAAUG 


CAUUGUU A CUAGCCU 


3477 


GUGAGGC CUGAUGAG X CGAA AGUAACA 


UGUUACU A GCCUCAC 


3506 


CCCCUUC CUGAUGAG X CGAA ACCUGGU 


ACCAGGU C GAAGGGG 


3544 


CAGGAAA CUGAUGAG X CGAA AUUGUGU 


ACACAAU C UUUCCUG 


3 546 


GCCAGGA CUGAUGAG X CGAA AGAUUGU 


ACAAUCU U UCCUGGC 


3547 


CGCCAGG CUGAUGAG X CGAA AAGAUUG 


CAAUCUU U CCUGGCG 


3548 


UCGCCAG CUGAUGAG X CGAA AAAGAUU 


AAUCUUU C CUGGCGA 


1 C £ T 


CACCAUU CUGAUGAG X CGAA ACGCAGG 


CCUGCGU U AAUGGUG 


J 3 6 4 


ACACCAU. CUGAUGAG X ;CGAA AACGC^Gr,. - 


-"-:CUGCGUU"A\ AUGGUGU '~ 


J3 o4 


CGUGGAA CUGAUGAG X CGAA- ACGGUCG 


GGAGCGU C UUCCACG 


J 3 a 0 


GUCGUGG LUGAUGAG A GGAA AGACGGU 


ACCGUCU U CCACGGC 


^ fl7 

J 3 O f 


L.oUUGuG GUGAUGAG A GGA/i AAGiiLGG 


GGGUCUU C CACGGCG 


•9 O J ^ 




ggggaku G AGLGAAA 


3643 




r'aaattr'TT a /^arTTaaTT 
L.AMAUGU i\ GAGUiVnU 


36 48 






36 53 






3665 


AGCCGAC CUGAUGAG X CGAA AGGUCUU 


AAGACCU C GUCGGCU 


3668 


GCCAGCC CUGAUGAG X CGAA ACGAGGU 


ACCUCGU C GGCUGGC 


3720 


UCCGAGC CUGAUGAG X CGAA ACCGCAG 


CUGCGGU A GCUCGGA 


3758 


CCGGAAU CUGAUGAG X CGAA ACGUCAG 


CUGACGU C AUUCCGG 


3815 


AAUAGGA CUGAUGAG X CGAA ACGGGUC 


GACCCGU C UCCUAUU 


3817 


CAAAUAG CUGAUGAG X CGAA AGACGGG 


CCCGUCU C CUAUUUG 


3820 


CUUCAAA CUGAUGAG X CGAA AGGAGAC 


GUCUCCU A UUUGAAG 


3822 


CCCUUCA CUGAUGAG X CGAA AUAGGAG 


CUCCUAU U UGAAGGG 
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3823 


GCCCUUC CUGAUGAG X CGAA AAUAGGA 


UCCUAUU U GAAGGGC 


3832 


ACCCGAA CUGAUGAG X CGAA AGCCCUU 


AAGGGCU C UUCGGGU 


3834 


CCACCCG CUGAUGAG X CGAA AGAGCCC 


GGGCUCU U CGGGUGG 


3925 


GGGUAUG CUGAUGAG X CGAA AGUCCAC 


GUGGACU U CAUACCC 


3926 


CGGGUAU CUGAUGAG X CGAA AAGUCCA 


UGGACUU C AUACCCG 


3929 


CAACGGG CUGAUGAG X CGAA AUGAAGU 


ACUUCAU A CCCGUUG 


3935 


UAGACUC CUGAUGAG X CGAA ACGGGUA 


UACCCGU U GAGUCUA 


3940 


UUCCAUA CUGAUGAG X CGAA ACUCAAC 


GUUGAGU C UAUGGAA 


3942 


GUUUCCA CUGAUGAG X CGAA AGACUCA 


UGAGUCU A UGGAAAC 


3951 


CGCAUAG CUGAUGAG X CGAA AGUUUCC 


GGAAACU A CUAUGCG 


3954 


GACCGCA CUGAUGAG X CGAA AGUAGUU 


AACUACU A UGCGGUC 


3961 


GACCGGG CUGAUGAG X CGAA ACCGCAU 


AUGCGGU C CCCGGUC 


3968 


CCGUGAA CUGAUGAG X CGAA ACCGGGG 


CCCCGGU C UUCACGG 


3970 


GUCCGUG CUGAUGAG X CGAA AGACCGG 


CCGGUCU U CACGGAC 


3971 


UGUCCGU CUGAUGAG X CGAA AAGACCG 


CGGUCUU C ACGGACA 


3982 


GGGAGAU CUGAUGAG X CGAA AGUUGUC 


GACAACU C AUCUCCC 


3985 


CGGGGGA CUGAUGAG X CGAA AUGAGUU 


AACUCAU C UCCCCCG 


3987 


GCCGGGG CUGAUGAG X CGAA AGAUGAG 


CUCAUCU C CCCCGGC 


3998 


UCUGCGG CUGAUGAG X CGAA ACGGCCG 


CGGCCGU A CCGCAGA 


4009 


CACUUGG CUGAUGAG X CGAA AUGUCUG 


CAGACAU U CCAAGUG 


4010 


CCACUUG CUGAUGAG X CGAA AAUGUCU 


AGACAUU C CAAGUGG 


.4023 


GCGUGUA CUGAUGAG X CGAA AUGGGCC 


GGCCCAU C UACACGC 


4025 


GAGCGUG CUGAUGAG X CGAA AGAUGGG 


CCCAUCU A CACGCUC 


4032 


CCAGUGG CUGAUGAG X CGAA AGCGUGU 


ACACGCU C CCACUGG 


4094 


GGACGAG CUGAUGAG X CGAA ACCUUGU 


ACAAGGU A CUCGUCC 


4097 


UCAGGAC CUGAUGAG X CGAA AGUACCU 


AGGUACU C GUCCUGA 


4100 


GGUUCAG CUGAUGAG X CGAA ACGAGUA 


UACUCGU C CUGAACC 


4111 


GGCAACA CUGAUGAG X CGAA AUGGGUU 


AACCCAU C UGUUGCC 


4126 


AAAACCC CUGAUGAG X CGAA AGGUGGC . 


GCCACCU U GGGUUUU 


4131 


GCCGCAA. CUGAUGAG. X^^CGA^^^^ 


CUUGGGU U UUGGGGC 


413 2 


- ' CGCCCCA CUGAUGAG X ' CGAA ^ AACCCAA - • 


V ^GC3GUU U^UGGGGCG': ~ 


4133 


ACGCCCC CUGAUGAG X CGAA AAACCCA 


UGGGUUU U GGGGCGU 


4141 


AGACAUA CUGAUGAG X CGAA ACGCCCC 


GGGGCGU A UAUGUCU 


4143 


UUAGACA CUGAUGAG X CGAA AUACGCC 


GGCGUAU A UGUCUAA 


4147 


UGCCUUA CUGAUGAG X CGAA ACAUAUA 


UAUAUGU C UAAGGCA 


4149 


UGUGCCU CUGAUGAG X CGAA AGACAUA 


UAUGUCU A AGGCACA 


4161 


GGGUCGG CUGAUGAG X CGAA ACCAUGU 


ACAUGGU A CCGACCC 


4196 


CCGUGGU CUGAUGAG X CGAA AUGGUCC 


GGACCAU U ACCACGG 


4197 


CCCGUGG CUGAUGAG A CbAA AAUtjoUu 




4214 


AGUACGU CUGAUGAG X CGAA AUGGGGG 


CCCCCAU C ACGUACU 


4219 


GGUGGAG CUGAUGAG X CGAA ACGUGAU 


AUCACGU A CUCCACC 


4222 


AUAGGUG CUGAUGAG X CGAA AGUACGU 


ACGUACU C CACCUAU 


4257 


CCCCCAG CUGAUGAG X CGAA ACAUCCA 


UGGAUGU U CUGGGGG 


4258 


GCCCCCA CUGAUGAG X CGAA AACAUCC 


GGAUGUU C UGGGGGC 


4270 


GAUAUCA CUGAUGAG X CGAA AGGCGCC 


GGCGCCU A UGAUAUC 


4275 


AUUAUGA CUGAUGAG X CGAA AUCAUAG 


CUAUGAU A UCAUAAU 
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4277 


AUAUUAU CUGAUGAG X CGAA AUAUCAU 


AUGAUAU C AUAAUAU 


4300 


GUCAGOU CUGAUGAG X CGAA AGUGGCA 


UGCCACU C AACUGAC 


4309 


GGUAGUC CUGAUGAG X CGAA AGUCAGU 


ACUGACU C GACUACC 


4314 


AGGAUGG CUGAUGAG X CGAA AGUCGAG 


CUCGACU A CCAUCCU 


4319 


UGCCCAG CUGAUGAG X CGAA AUGGUAG 


CUACCAU C CUGGGCA 


4328 


CUGUGCC CUGAUGAG X CGAA AUGCCCA 


UGGGCAU C GGCACAG 


4389 


GGAGGCG CUGAUGAG X CGAA AGCGGUG 


CACCGCU A CGCCUCC 


4395 


, GAUCCCG CUGAUGAG X CGAA AGGCGUA 


UACGCCU C CGGGAUC 


4402 


GGUAACC CUGAUGAG X CGAA AUCCCGG 


CCGGGAU C GGUUACC 


4406 


GCACGGU CUGAUGAG X CGAA ACCGAUC 


GAUCGGU U ACCGUGC 


4407 


GGCACGG CUGAUGAG X CGAA AACCGAU 


AUCGGUU A CCGUGCC ■ 


4427 


CCUCCUC CUGAUGAG X CGAA AUAUUUG 


CAAAUAU U GAGGAGG 


4440 


UUGGACA CUGAUGAG X CGAA AGCCACC 


GGUGGCU C UGUCCAA 


4465 


GCCAUAG CUGAUGAG X CGAA AGGGGAU 


AUCCCCU U CUAUGGC 


4466 


UGCCAUA CUGAUGAG X CGAA AAGGGGA 


UCCCCUU C UAUGGCA 


4468 


CUUGCCA CUGAUGAG X CGAA AGAAGGG 


CCCUUCU A UGGCAAG 


4512 


AAAAUGA CUGAUGAG X CGAA AUGCCUU 


AAGGCAU C UCAUUUU 


4514 


AGAAAAU CUGAUGAG X CGAA AGAUGCC 


GGCAUCU C AUUUUCU 


4517 


GGCAGAA CUGAUGAG X CGAA AUGAGAU 


AUCUCAU U UUCUGCC 


4518 


UGGCAGA CUGAUGAG X CGAA AAUGAGA 


UCUCAUU U UCUGCCA 


4519 


GUGGCAG CUGAUGAG X CGAA AAAUGAG 


CUCAUUU U CUGCCAC 


4520 


AGUGGCA CUGAUGAG X CGAA AAAAUGA 


UCAUUUU C UGCCACU 


4550 


UUGCGGC CUGAUGAG X CGAA AGCUCAU 


AUGAGCU C GCCGCAA 


4564 


GAGGCCU CUGAUGAG X'CGAA ACAGCUU 


AAGCUGU C AGGCCUC 


4571 


UGAUUCC CUGAUGAG X CGAA AGGCCUG 


CAGGCCU C GGAAUCA 


4602 


ACGUCAA CUGAUGAG X CGAA ACCCCGG 


CCGGGGU C UUGACGU 


4604 


ACACGUC CUGAUGAG X CGAA AGACCCC 


GGGGUCU U GACGUGU 


4612 


UAUGACG CUGAUGAG X CGAA ACACGUC 


GACGUGU C CGUCAUA 


46 37_ 


CGAUAAC CUGAUGAG X CGAA ACAUCUC 


GAGAUGU C GUUAUCG 


4640 


CCAGGAU GUGAUGAG .X CGAA ACGACAU 


AUGUCGU U AUCGUGG 


' 4641 ' 


■ GCCACGA GUGAUGAG-X 'CGAA AAGGAGA---' 


-UGUCGUU- A UCGUGGC 


4643 


UUGCCAC CUGAUGAG X CGAA AUAACGA 


UCGUUAU C GUGGCAA 


4659 


GUCAUUA CUGAUGAG X CGAA AGCGUCU 


AGACGCU C UAAUGAC 


4661 


CCGUCAU CUGAUGAG X CGAA AGAGCGU 


ACGCUCU A AUGACGG 


4684 


CGAGUCA CUGAUGAG X CGAA AGUCACC 


GGUGi^CU ,U UGACUCG 


4685 


CCGAGUC CUGAUGAG X CGAA AAGUCAC 


GUGACUU U GACUCGG 


4690 


GAUCACC CUGAUGAG X CGAA AGUCAAA 


UUUGACU C GGUGAUC 


4715 


UCUGGGU CUGAUGAG X CGAA ACACAUG 


CAUGUGU C ACCCAGA 


4727 


UGAAAUC CUGAUGAG A U(jAA ALU^jUL.U 




4731 


AAGCUGA CUGAUGAG X CGAA AUCGACU 


AGUCGAU U UCAGCUU 


4732 


CAAGCUG CUGAUGAG X CGAA AAUCGAC 


GUCGAUU U CAGCUUG 


4733 


CCAAGCU CUGAUGAG X CGAA AAAUCGA 


UCGAUUU C AGCUUGG 


4738 


GGGAUCC CUGAUGAG X CGAA AGCUGAA 


UUCAGCU U GGAUCCC 


4743 


AAGGUGG CUGAUGAG X CGAA AUCCAAG 


CUUGGAU C CCACCUU 


4750 


AAUGGUA CUGAUGAG X CGAA AGGUGGG 


CCCACCU U UACCAUU 


4751 


CAAUGGU CUGAUGAG X CGAA AAGGUGG 


CCACCUU U ACCAUUG 
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4752 


UCAAUGG CUGAUGAG X CGAA AAAGGUG 


CACCUUU A CCAUUGA 


4757 


UCGUCUC CUGAUGAG X CGAA AUGGUAA 


UUACCAU U GAGACGA 


4824 


CCUCCCC CUGAUGAG X CGAA ACCCCUG 


CAGGGGU A GGGGAGG 


4835 


ACCUGUA CUGAUGAG X CGAA AUGCCUC 


GAGGCAU C UACAGGU 


4837 


AAACCUG CUGAUGAG X CGAA AGAUGCC 


GGCAUCU A CAGGUUU 


4843 


AGUCACA CUGAUGAG X CGAA ACCUGUA 


UACAGGU U UGUGACU 


4844 


GAGUCAC CUGAUGAG X CGAA AACCUGU 


ACAGGUU U GUGACUC 


4851 


UCUCCCG CUGAUGAG X CGAA AGUCACA 


UGUGACU C CGGGAGA 


4867 


CAUGCCC CUGAUGAG X CGAA AGGGCCG 


CGGCCCU C GGGCAUG 


4876 


AGAAUCG CUGAUGAG X CGAA ACAUGCC 


GGCAUGU U CGAUUCU 


4877 


AAGAAUC CUGAUGAG X CGAA AACAUGC 


GCAUGUU C GAUUCUU 


4881 


ACCGAAG CUGAUGAG X CGAA AUCGAAC 


GUUCGAU U CUUCGGU 


4882 


GACCGAA' CUGAUGAG X CGAA AAUCGAA 


UUCGAUU C UUCGGUC 


4884 


AGGACCG CUGAUGAG X CGAA AGAAUCG 


CGAUUCU U CGGUCCU 


4885 


CAGGACC CUGAUGAG X CGAA AAGAAUC 


GAUUCUU C GGUCCUG 


4889 


CACACAG CUGAUGAG X CGAA ACCGAAG 


CUUCGGU C CUGUGUG 


4903 


CGCGUCA CUGAUGAG X CGAA AGCACUC 


GAGUGCU A UGACGCG 


5011 


UUCCCAG CUGAUGAG X CGAA ACUCCAG 


CUGGAGU U CUGGGAA 


5012 


UUUCCCA CUGAUGAG X CGAA AACUCCA 


UGGAGUU C UGGGAAA 


5024 . 


CUGUGAA CUGAUGAG X CGAA ACGCUUU 


AAAGCGU C UUCACAG 


5026 


GCCUGUG CUGAUGAG X CGAA AGACGCU 


AGCGUCU U CACAGGC 


5027 


GGCCUGU CUGAUGAG X CGAA AAGACGC 


GCGUCUU C ACAGGCC 


5036 


UGUGGGU CUGAUGAG X CGAA AGGCCUG 


CAGGCCU C ACCCACA 


5045 


GGGCAUC CUGAUGAG X CGAA AUGUGGG 


CCCACAU A GAUGCCC 


5056 


GGACAGG CUGAUGAG X CGAA AGUGGGC 


GCCCACU U CCUGUCC 


5057 


GGGACAG CUGAUGAG X CGAA AAGUGGG 


CCCACUU C CUGUCCC 


5062 


GGUUUGG CUGAUGAG X CGAA ACAGGAA 


UUCCUGU C CCAAACC 


5089 


GUAAGGG CUGAUGAG X CGAA AGUUGUC 


GACAACU U CCCUUAC 


5090 

509,4.^ 


GGUAAGG CUGAUGAG X CGAA AAGUUGU 


ACAACUU C CCUUACC 


l.ACCAGGU CUGAUGAG X^CGAA AGGGAAG 


' CUUCCCU U ACCUGGU 




-UACrCAGG ■ CUGAUGA<j:;-it:;€GAA AAGGGAAi"": 


"UtJCCCUU' A CCUGGUA 


5139 


GGAGGUG CUGAUGAG X CGAA AGCCUGA 


UCAGGCU C CACCUCC 


5145 


CACGAUG CUGAUGAG X CGAA AGGUGGA 


UCCACCU C CAUCGUG 


5149 


AUCCCAC CUGAUGAG X CGAA AUGGAGG 


CCUCCAU C GUGGGAU 


5157 


CACAUUU CUGAUGAG X CGAA AUCCCAC 


GUGGGAU C AAAUGUG 


5172 


CGUAUGA CUGAUGAG X CGAA ACACUUC 


^ TV IV /*^T T^T T ^ T T/^ ?V T T 1\ 

GAAGUGU C UCAUACG 


5174 


GCCGUAU CUGAUGAG X CGAA AGACACU 


AGUGUCU C AUACGGC 


5177 


UAAGCCG CUGAUGAG X CGAA AUGAGAC 


GUCUCAU A CGGCUUA 


3 i. O J 




nACC5GCU U AAACCUA 


5184 


GUAGGUU CUGAUGAG X CGAA AAGCCGU 


ACGGCUU A AACCUAC 


5190 


UGCAGCG CUGAUGAG X CGAA AGGUUUA 


UAAACCU A CGCUGCA 


5225 


CGGCUCC CUGAUGAG X CGAA AGCCUAU 


AUAGGCU A GGAGCCG 


5234 


CAUUUUG CUGAUGAG X CGAA ACGGCUC 


GAGCCGU U CAAAAUG 


5235 


. UCAUUUU CUGAUGAG X CGAA AACGGCU 


AGCCGUU C AAAAUGA 


5246 


UGAGGGU CUGAUGAG X CGAA AUCUCAU 


AUGAGAU C ACCCUCA 


5252 


GAUGUGU CUGAUGAG X CGAA AGGGUGA 


UCACCCU C ACACAUC 
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5259 


GUUAUGG CUGAUGAG X CGAA ArTGLTGUG 


CACAPAtl C PPATTAAP 


52S4 


AUUUGGU CUGAUGAG X CGAA AUGGGAU 


AUCPPAU A APPAAAfT 


5272 


CAUGAUG CUGAUGAG X CGAA AUUUGGU 


APPAAATT IT PATTPATTP 


5273 


CC AUG ATI CUGAUGAG X CGAA AAUTTUGG 


PPAAATTTT P ATTPATTPP 
Uk^ATvVU U V. AUL.AUVJV3 


527S 


ATTGCPATT CTTGJMTGAG V PGA& AUGAATTTT 


AATTTTPATT P ATTPPPaTT 


3 ^ 7 U 




TTPPATTPTT p nnnnn'hn 


9 J ^ 




TTPPAPPTT p ijn.r*r*onn 


^ J O *i 


PPAPAATT PTTrSAITCAn Y PfZAA APPAPAP 


PTTPTTPPIT P ATTTTPTmr* 


t; T fl "7 

3 J O / 


' TTAPPPAP PTTnaiTftiAfZ Y PflAA AITfZAPPi 


TTPPTTPATT TT PTTP/'^TTR 


D J y ^ 




ULjUCjCjUU a tjGAUCAU 


C Art O 


r'/^papaa PTTPaiTPBP y p/^aa aiT^iBTTPP 


vjuAUUAU U UUuUCUu 


t; Aft 1 




taAUC-AUU U UGUCCGG 


5 Aft A 
3 U ^ 


PPP^^PaP PTTnaTT/^Art Y PflAA AAATTPATT 


ATTPaTlTTTT TT PTTrTTT'n 
AUV.AUUU U laUL.(.uL3Q7 


3 1 u / 


PPTTPPPn PTTrSATTfSArS Y PriAA APAAAATT 


aTTTTTTTTPTT p nncn^t^ 

AUUUUuU L L.(auv>jAuVjr 


3 *x ^ X 


fSrtTTArSAP PFTPAUnAfl Y Pf^AA APfTTTPPP 


PPPAAPTT P PTTPTTAPP 
uourAAuU ^ l^ULUACL 


5 4/L A 

3 T Tt *l 


PPPrtPITA PTinaTT/^AO Y PflAA A/'SriAPTTTT 


aapTTP^TT tiTirT'f^r'r* 
AAu U L. u U V. U ALL.UUU 


3 ^ *s O 


PTTPPPP/^ PTTfSATTflAf^ Y Pr^AA AfTlAnnaP 


PiTPPTTPfT a ct^nr^nKr* 


5 45 5 
3 ^ D w 


TTTTPATTP^l PTTnATTPAP Y P^^AA APrTPPPn 


PPPPAPfi TT PPaiTPaa 
V.uuvjAoU U (-uAUvsAA 


5 45f; 
3 ^ 3 O 


T7TTTTPATTP PrTPATTHAfS Y PflAA AAPTTPPP 


PPPAPITTT P PATTPaaa 
vjuuAuUU urAUvjAAA 


5 A "7 Q 


r^arr^rT^n ^^T^atTpap y ppaa appprtpa 


nr^r^r^r^t^iT ar»a/^^T/^ 


5 A a C 
3 4 a b 


TTrria arip PTiPaTT/^ap y Pi^aa apprtrtTTP 


LALAL.LU L L.LUUAL.A 


C A Q n 


TT/^^art/^rT rrT/^aTir'ap y ppaa apppar*^ 


Lt-ULL.LU U ALAUCGA 


c; A Q 1 
3 4 y X 


UUv-VjAUvi ^UOAUVjAVj a ^uAA Anuu^jAo 


nti/^rr^tTn a oatTor'aa 
LUL.LUUU A UAUL.VJAA 


' C A Q Q 
3 73 


Pr^TTPTTTTr* PTTPaTTPaP Y PPAA ATTPTTAAP 
krf^MUurUUU. L.UOAUuAu A k.oAA AUurUAAu 


/^TTTTar^aTT r^aa/^ao/^ 
LUUAUAU L LiAAt-Ata^j 


5 5 1 T 
3 3 X J 


PPTTPPPP PTTPATTPAP Y PPAA APPTTPPA 


TTPPappn nnnn'&f^r' 
ULtLAoLU L uLLoAuL. 


5 5 A n 

3 3 U 


nnh.^rTT' Pttpattpap y ppaa apttppptt 

v3^.AAVhL.^ L.Uv3AU^M.ur A MLaUo^^U 


APPPAPTT P PPPTTTTrT* 
AuoUALU L vjuVjUUwL* 


5 54 5 


TTTTPPAPP PTTPATTPAP V PPAA APPPPAP 


PtTPPPPTT TT PPTTPPAA 


5644 


G PUG AUG CUGAUGAG X CGAA AGUtlCCA 


UGGAAPU U PAUPAPP 


5645 


CGCUGAU CUGAUGAG >' CGAA AAGUUCC 


GGAACUU C AUPAGCG 




— TTCCCCCU^nUGAUGAG X CGAA~ AUGAAGU 


ACUUCAU' C AGCGGGA 


"'565 "7' 


AAUACUG'^-trUQA'UGAG -X^ -<^GAA AUGCGGC— - 


" -GGGGGAU- A CAGUAUU 


5662 


UGCUAAA CUGAUGAG' X CGAA ACUGUAU 


AUACAGU A UUUAGCA 


5664 


CCUGCUA CUGAUGAG X CGAA AUACUGU 


ACAGUAU U UAGCAGG 


5665 


GCCUGCU CUGAUGAG X CGAA AAUACUG 


CAGUAUU U AGCAGGC 


5666 


AGCCUGC CUGAUGAG X CGAA AAAUACU 


AGUAUUU A GCAGGCU 


5677 


CAGAGUG CUGAUGAG X CGAA AUAAGCC 


GGCUUAU C CACUCUG 


5682 


CCAGGCA CUGAUGAG X CGAA AGUGGAU 


AUCCACU C UGCCUGG 


5702 


GUGAUGC CUGAUGAG X CGAA AUCGCGG 


CCGCGAU A GCAUCAC 


5707 


CAUCAGU CUGAUGAG X CGAA AUGCUAU 


AUAGCAU C ACUGAUG 


5719 


GGCUGUG CUGAUGAG X CGAA AUGCCAU 


AUGGCAU U CACAGCC 


5720 


AGGCUGU CUGAUGAG X CGAA AAUGCCA 


UGGCAUU C ACAGCCU 


5728 


GGUGAUA CUGAUGAG X CGAA AGGCUGU 


ACAGCCU C UAUCACC 


5730 


CUGGUGA CUGAUGAG X CGAA AGAGGCU 


AGCCUCU A UCACCAG 


5732 


GACUGGU CUGAUGAG X CGAA AUAGAGG 


CCUCUAU C ACCAGUC 


5739 


GUGAGCG CUGAUGAG X CGAA ACUGGUG 


CACCAGU C CGCUCAC 


5744 


GGGUGGU CUGAUGAG X CGAA AGCGGAC 


GUCCGCU C ACCACCC 
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5757 


AGGAGGG CUGAUGAG X CGAA AUUCUGG 


CCAGA^U A CCCUCCU 


5762 


UGAACAG CUGAUGAG X CGAA AGGGUAU 


AUACCCU C CUGUUCA 


5774 


CCCCUAA CUGAUGAG X CGAA AUGUUGA 


UCAACAU C UUAGGGG 


5776 


UCCCCCU CUGAUGAG X CGAA AGAUGUU 


AACAUCU U AGGGGGA 


5777 


AUCCCCC CUGAUGAG X CGAA AAGAUGU 


ACAUCUU A GGGGGAU 


5796 


GCGAGUU CUGAUGAG X CGAA AGCAGCC 


GGCUGCU C AACUCGC 


5508 


GCACUGG CUGAUGAG X CGAA AGGAGCG 


CGCUCCU C CCAGUGC 


5820 


AAGGCCG CUGAUGAG X CGAA AGCAGCA 


UGCUGCU U CGGCCUU 


5885 


UGUCCAC CUGAUGAG X CGAA AGCACCU 


AGGUGCU U GUGGACA 


5894 


CCGCCAG CUGAUGAG X CGAA AUGUCCA 


UGGACAU U CUGGCGG 


5895 


CCCGCCA CUGAUGAG X CGAA AAUGUCC 


GGACAUU C UGGCGGG 


5986 


AGGGAGC CUGAUGAG X CGAA AGUUAAC 


GUUAACU U GCUCCCU 


5999 


GGGAGAG CUGAUGAG X CGAA AUGGCAG 


CUGCCAU C CUCUCCC 


6002 


CGGGGGA CUGAUGAG X CGAA AGGAUGG 


CCAUCCU C UCCCCCG 


6101 


CGAACGC CUGAUGAG X CGAA AUCAGCC 


GGCUGAU A GCGUUCG 


6112 


ACCCCGC CUGAUGAG X CGAA AAGCGAA 


UUCGCUU C GCGGGGU 


6120 


ACGUGGU CUGAUGAG X CGAA ACCCCGC 


GCGGGGU A ACCACGU 


6128 


UGGGGGA CUGAUGAG X CGAA ACGUGGU 


ACCACGU U UCCCCCA 


6129 


GUGGGGG CUGAUGAG X CGAA AACGUGG 


CCACGUU U CCCCCAC 


6130 


CGUGGGG CUGAUGAG X CGAA AAACGUG 


CACGUUU C CCCCACG 


6142 


AGGCACG CUGAUGAG X CGAA AGUGCGU 


ACGCACU A CGUGCCU 


6173 


UCUGAGU CUGAUGAG X CGAA ACACGUG 


CACGUGU A ACUCAGA 


6177 


AGGAUCU CUGAUGAG X CGAA AGUUACA 


UGUAP.CU C AGAUCCU 


6182 


UGGAGAG CUGAUGAG X CGAA AUCUGAG 


CUCAGAU C CUGUCCA 


6185 


GGCUGGA CUGAUGAG X CGAA AGGAUCU 


AGAUCCU C UCCAGCC 


6187 


GAGGCUG CUGAUGAG X CGAA AGAGGAU 


AUCCUCU C CAGCCUC 


6194 


UGAUGGU CUGAUGAG X CGAA AGGCUGG 


CCAGCCU C ACCAUCA 


6200 


GCUGAGU CUGAUGAG X CGAA AUGGUGA 


UCACCAU C ACUCAGC 


6204 


AGCAGCU CUGAUGAG X CGAA AGUGAUG 


CAUCACU C AGCUGCU 


6221 


ACUGHG^ X CGAA AGCCUCU 


AGAGGCU U CACCAGU ' 




"^CAGUGGU^^eAUG^ 


' GAGGCUU C,: ACCAGUG^r: 


6233 


CCUCAUU CUGAUGAG X CGAA AUCCACU 


AGUGGAU U AAUGAGG 


6234 


UCCUCAU CUGAUGAG X CGAA AAUCCAC 


GUGGAUU A AUGAGGA 


6247 


UGGCGUG CUGAUGAG X CGAA AGCAGUC 


GACUGCU C CACGCCA 


6259 


CGAGCCG CUGAUGAG X CGAA AGCAUGG 


CCAUGCU C CGGCUCG 


6265 


UAGCCAC CUGAUGAG X CGAA AGCCGGA 


UCCGGCU C GUGGCUA 


6272 


CAUCCUU CUGAUGAG X CGAA AGCCACG 


CGUGGCU A AAGGAUG 


6281 


AGUCCCA CUGAUGAG X CGAA ACAUCCU 


AGGAUGU U UGGGACU 




LAvjULCC CUGAUGAC3 a CCtAA AACAUCC 


GGAUGUU U GGGACUG 


6293 


CCGUGCA CUGAUGAG X CGAA AUCCAGU 


ACUGGAU A UGCACGG 


6304 


GUCAGUC CUGAUGAG X CGAA ACACCGU 


ACGGUGU U GACUGAC 


6313 


GGUCUUG CUGAUGAG X CGAA AGUCAGU 


ACUGACU U.CAAGACC 


6314 


AGGUCUU CUGAUGAG X CGAA AAGUCAG 


CUGACUU C AAGACCU 


6326 


UGGACUG CUGAUGAG X CGAA AGCCAGG 


CCUGGCU C CAGUCCA 


6331 


GAGCUUG CUGAUGAG X CGAA ACUGGAG 


CUCCAGU C CAAGCUC 


6338 


UCGGCAG CUGAUGAG X CGAA AGCUUGG 


CCAAGCU C CUGCCGA 
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Uut-LvjfCaL CUGAuGAG X CGAA AUUUCGG 


CCGAAAU U GCCGGGA 


O J 3 7 


AGAAAGG CUGAUGAG X CGAA ACUCCCG 


CGGGAGU C CCUUUCU 


O J O J 


GAGAAGA CUGAUGAG X CGAA AGGGACU 


AGUCCCU U UCUUCUC 


0 J D 4 


UGAGAAG CUGAUGAG X CGAA AAGGGAC 


GUCCCUU U CUUCUCA 


dec 
o Job 


AUGAGAA CUGAUGAG X CGAA AAAGGGA 


UCCCUUU C UUCUCAU 


o Jo7 


GCAUGAG CUGAUGAG X CGAA AGAAAGG 


CCUUUCU U CUCAUGC 


6368 


GGCAUGA CUGAUGAG X CGAA AAGAAAG 


CUUUCUU C UCAUGCC 


6370 


UUGGCAU CUGAUGAG X CGAA AGAAGAA 


UUCUUCU C AUGCCAA 


6385 


UCCCUUG CUGAUGAG X CGAA ACCCGCG 


CGCGGGU A CAAGGGA 


O 335 


CCCGCCA CUGAUGAG X CGAA ACUCCCU 


AGGGAGU C UGGCGGG 


6446 


GUCCGGU CUGAUGAG X CGAA AUUUGUG 


CACAAAU U ACCGGAC 


6447 


UGUCCGG CUGAUGAG X CGAA AAUUUGU 


ACAAAUU A CCGGACA 


o45a 


CGUUUUU CUGAUGAG X CGAA ACAUGUC 


GACAUGU C AAAAACG 


6468 


CUCAUGG CUGAUGAG X CGAA ACCGUUU 


AAACGGU U CCAUGAG 


o 4 b y 


CCUCAUG CUGAUGAG X CGAA AACCGUU 


AACGGUU C CAUGAGG 


6479 


GCCCAAC CUGAUGAG X CGAA AUCCUCA 


UGAGGAU C GUUGGGC 


64 82 


UAGGCCC CUGAUGAG X CGAA ACGAUCC 


GGAUCGU U GGGCCUA 


64 89 


CAGGUUU CUGAUGAG X CGAA AGGCCCA 


UGGGCCU A AAACCUG 


£ C ^ A 

OS 20 


GAUGGGG CUGAUGAG X CGAA ACGUUCC 


GGAACGU U CCCCAUC 


6521 


UGAUGGG CUGAUGAG X CGAA AACGUUC 


GAACGUU C CCCAUCA 


6527 


ACGCGUU CUGAUGAG X CGAA AUGGGGA 


UCCCCAU C AACGCGU 


^ c T e 
o535 


UGUGGUG CUGAUGAG X CGAA ACGCGUU 


AACGCGU A CACCACA 


6 559 


CGCCGGG CUGAUGAG X CGAA AGGGUGU 


ACACCCU C CCCGGCG 


Ob 10 


CUCCACG CUGAUGAG X CGAA ACUCUUC 


GAAGAGU A CGUGGAG 


6620 


CCCGCGU CUGAUGAG X CGAA AUCUCCA 


UGGAGAU U ACGCGGG 


c t o t 

0 0 2 1 


ACCCGCG CUGAUGAG X CGAA AAUCUCC 


GGAGAUU A CGCGGGU 


f C C yf 

66 54 


GUGGUCA CUGAUGAG X CGAA ACCCGUC 


GACGGGU A UGACCAC 


£ £ a a 


GGGCCGG CUGAUGAG X CGAA ACCUGGC 


GCCAGGU C CCGGCCC 


a / o X 


GACCUGG CUGAUGAG X CGAA AUGUGAC 


GUCACAU U CCAGGUC 


O □ 3 4 


UGGAAGU CUGAUGAG X CGAA AGCACUG 


CAGUGCUf C ACUUCCA;'" 


^ fi i; " • ^. 

I -0030- 


' -AGCAUGG . CUGAUGAG .^X.'^ CGAA AGUGAGG^v-- 


:: :GGUCAGa-Ur:cCAUGCU 


□ □ 3 ^ 


ijAtsLAUU CUGAUGAG X CGAA AAGUGAG 


CUCACUU C CAUGCUC 


6866 


ULjUL.tj\jU CUCjAUGAG X CGAA AGCAUGG 


CCAUGCU C ACCGACC 


68 77 


ArtUtjUvjo L.UvjAUurAG A CGAA AGGGGUC 


GACCCCU C CCACAUU 


6884 




CCCACAU U ACAGCAG 


6885 




CCACAUU A CAGCAGA 


• 6900 




GACGGCU A AACGUAG 


6945 


CUAGCUG CUGAUGAn Y PR A A Af^afZPTTn 


LAtjfCUCU U CAGCUAG 


6946 


GCUAGCU CUGAUGAG X CGAA AAGAGCU 


AGCUCUU C AGCUAGC 


6951 


AAUUGGC CUGAUGAG X CGAA AGCUGAA 


UUCAGCU A GCCAAUU 


5969 


UUCAAGG CUGAUGAG X CGAA AGGCGCA 


UGCGCCU U CCUUGAA 


6970 


CUUCAAG CUGAUGAG X CGAA AAGGCGC 


GCGCCUU C CUUGAAG 


6973 


UGCCUUC CUGAUGAG X CGAA AGGAAGG 


CCUUCCU U GAAGGCA 


6990 


UGGUGGG CUGAUGAG X CGAA AGUGCAU 


AUGCACU A CCCACCA 


7003 


GUCCGGG CUGAUGAG X CGAA AGUCAUG 


CAUGACU C CCCGGAC 


7019 


CCUCGAU CUGAUGAG X CGAA AGGUCAG 


CUGACCU C AUCGAGG 
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7022 


UGGCCUC CUGAUGAG X CGAA AUGAGGU 


ACCUCAU C GAGGCCA 


7064 


CACGGGU CUGAUGAG X CGAA AUGUUUC 


GAAACAU C ACCCGUG 


7078 


AUUCUCU CUGAUGAG X CGAA ACUCCAC 


GUGGAGU C AGAGAAU 


7086 


ACCACCU CUGAUGAG X CGAA AUUCUCU 


AGAGAAU A AGGUGGU 


7094 


CCAAAAU CUGAUGAG X CGAA ACCACCU 


AGGUGGU A AUUUUGG 


7097 


AGUCCAA CUGAUGAG X CGAA AUUACCA 


UGGUAAU U UUGGACU 


7098 . 


GAGUCCA CUGAUGAG X CGAA,AAUUACC 


GGUAAUU U UGGACUC 


7099 


AGAGUCC CUGAUGAG X CGAA AAAUUAC 


GUAAUUU U GGACUCU 


7105 


GUCGAAA CUGAUGAG X CGAA AGUCCAA 


UUGGACU C UUUCGAC 


7107 


GGGUCGA CUGAUGAG X CGAA AGAGUCC 


GGACUCU U UCGACCC 


710B 


CGGGUCG CUGAUGAG X CGAA AAGAGUC 


GACUCUU U CGACCCG 


7109 


GCGGGUC CUGAUGAG X CGAA AAAGAGU 


ACUCUUU C GACCCGC . 


7147 


UGCAACG CUGAUGAG X CGAA AUACUUC 


GAAGUAU C CGUUGCA 


7151 


CUGCUGC CUGAUGAG X CGAA ACGGAUA 


UAUCCGU U GCAGCAG 


7163 


UUCGCAG CUGAUGAG X CGAA AUCUCUG 


CAGAGAU C CUGCGAA 


7174 


CUUCUUG CUGAUGAG X CGAA AUUUUCG 


CGAAAAU C CAAGAAG 


7183 


GGGGGGG CUGAUGAG X CGAA ACUUCUU 


AAGAAGU U CCCCCCC 


7184 


CGGGGGG CUGAUGAG X CGAA AACUUCU 


AGAAGUU C CCCCCCG 


7227 


AACAGUG CUGAUGAG X CGAA AGGGUUG 


CAACCCU C CACUGUU 


7240 


UUUCCAG CUGAUGAG X CGAA ACUCUAA 


UUAGAGU C CUGGAAA 


7308 


GGUAUUG CUGAUGAG X CGAA AGGGCCC 


GGGCCCU C CAAUACC 


7313 


GA.GGCGG CUGAUGAG X CGAA AUUGGAG 


CUCCAAU A CCGCCUC 


7320 


UUCCGUG CUGAUGAG X CGAA AGGCGGU 


ACCGCCU C CACGGAA 


7340 


UCAGAAC CUGAUGAG X CGAA ACCGUCC 


GGACGGU U GUUCUGA 


7343 


CUGUCAG CUGAUGAG X CGAA ACAACCG 


CGGUUGU U CUGACAG 


7344 


UCUGUCA CUGAUGAG X CGAA AACAACC 


GGUUGUU C UGACAGA 


7363 


GGCAGAA CUGAUGAG X CGAA ACACGGU 


ACCGUGU C UUCUGCC 


7365 


AAGGCAG CUGAUGAG X CGAA AGACACG 


CGUGUCU U CUGCCUU 


7366 


CAAGGCA CUGAUGAG X CGAA AAGACAC 


GUGUCUU C UGCCtJUG 


7372 


CUCCGCC CUGAUGAG X CGAA AGGCAGA.. 


. .UCUGCCU, U^GGCGGAG 


74-05 


CGAUC-CG CUGAUGAG -X- CGAA- 'AGGUGGG -' 


^-^^GGAGCU- G CGGAUCG 


7446 


UGAUCGG CUGAUGAG X CGAA AGGGGCG 


- CGCCCCU C CCGAUCA 


7452 


GAGGUCU CUGAUGAG X CGAA AUCGGGA 


UCCCGAU C AGACCUC 


7459 


GUCGUCA CUGAUGAG X CGAA AGGUCUG 


CAGACCU C UGACGAC 


7480 


AACGUCA CUGAUGAG X CGAA AUUCUUU 


aaaGaau C UGACGUU 


7487 


ACGACUC CUGAUGAG X CGAA ACGUCAG 


CUGACGU U GAGUCGU 


7492 


GGAGUAC CUGAUGAG X CGAA ACUCAAC 


GUUGAGU C GUACUCC 


7495 


GGAGGAG CUGAUGAG X CGAA ACGACUC 


GAGUCGU A CUCCUCC 


7609 


CCAUGUG CUGAUGAu A t-oAA Ao'GAL.M.U 




7631 


AUGGCGU CUGAUGAG X CGAA AUCAGGG 


CCCUGAU C ACGCCAU 


7675 


GUUGCUC CUGAUGAG X CGAA ACGCGUU 


AACGCGU U GAGCAAC 


7684 


CAGCAGA CUGAUGAG X CGAA AGUUGCU 


AGCAACU C UCUGCUG 


7686 


CGCAGCA CUGAUGAG X CGAA AGAGUUG 


CAACUCU C UGCUGCG 


7695 


UUGUGGU CUGAUGAG X CGAA ACGCAGC 


GCUGCGU C ACCACAA 


7709 


UGGCAUA CUGAUGAG X CGAA ACCAUGU 


ACAUGGU C UAUGCCA 


7711 


UGUGGCA CUGAUGAG X CGAA AGACCAU 
J 


AUGGUCU A. UGCCACA 
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7754 


CAAAGGU CUGAUGAG X CGAA ACCUUCU 


AG AAGGU C A PPT 7T TT TG 


7759 


UCUGUCA CUGAUGAG X CGAA AGGUGAC 


GUCAPPU 11 I TG A PAG A 


7760 


GUCUGUC CUGAUGAG X CGAA AAGGUGA 


tTPAPPTTTT TT GAPAflAP 


7802 


UCUCCUU CUGAUGAG X CGAA AGCACGU 


APGTTGPTT P AAGGAGA 


7825 




AAnnprtTT p papapTTTT 


t a J A 




PPAPA/lTT TT Aarrir^ia 


/ O J J 




papapTTTT a aoooTTaTv 
UAVJALjUU J\ AUOL.UAA 


/ O ^ * 




oiTaaaoiT tt /^TATT/^r»r» 


7fl AC 
/ (3 43 




UAAACUu C UAUCCGU 






CCCACAU U CGGCCAA ' 


7fl QC 




ooj\oarnT o ^^r^f^m^K 
CCACAUU C GGCCAAA 






AGGACGU C CGGAACC 


7 cm 
/ ? J J. 




GUAACCU A UCCAGCA. 


7 Q "5 T 
f 3 J J 


OT7TTPOTTP OTToarir'ar' v poaa aiiaooiTTT 


AALCUAU C CAGCAAG 






AGGCCAU U AACCACA 


7 Q A 7 


arTofTooTT PiToatTpa/^ v pp&a aaTT/'v^r*o 


GGLLAUU A ACCACAIJ 


p n on 




V-ACCAAu U GAGACCA 






ppapp a TT o aTTOor«aA 


90 30 

□ U J u 




GTT^7Aar!I7 TT TTTTPTTOOO 


8031 




TT/^AAPTTTT TT, TTPTTPPPTT 


9037 

O U J ^ 


njiprspac prinaiTnan y pnaa nnaprTTTP 


rSAAPTTTTTT TT PTTPPPTTP 


9033 

O w J J 




Aa/ITTTTTTTT P TTrTT'TTOO 


O U J 9 




UUUGV..OU t. CAACCGG 


8 070 




flPPAf^PTT P rtPPTTTTaTT 
o\-L.AoUU V. UUUUUAU 


80m 

O U O X 


PTTrsnfiAa PTIf^ATmAO Y PGAA APGAriAA 


rTTTATTPniT A TTtTPPPAn 


8083 


HTTPTTfinf^ PTTnATTrtar: Y PGA A AfTAPGATT 


ATTPGTTATT TT r'ncAn^n 

nU^uUnU U L.L.^AvjA\,« 


8084 


rjTSTTPTTnG prrnAiTf^Afz y pgaa AAriAPnA 


TTPPTTarTTT r* ooar'aor* 


8099 


AT TAP A PG PTTnATTOAG Y PGA A APTTPPPA 


TTGGnAnrT TT PrzrT/^TTATl 


8100 


PA1TAPAP PTTGATTGAG Y PGA A AAPfTPPP 


GGGAnTTTT P l^fTnTTATTn 


~' arcs 






r ~ 81-21~ "~ 


*~ UCGUAAA -CUGAUGAG X " CGAA^'^AGCCAUU*"*'^ 




8123 


CGUCGUA CUGAUGAG X CGAA ^GAGCGA 


- UGGCUCU U UACGACG 


8124 


ACGUCGU CUGAUGAG X CGAA AAGAGCC 


GGCUCUU U ACGACGU 


8125 


CACGUCG CUGAUGAG X CGAA AAAGAGC 


GCUCUUU A CGACGUG 


8135 


GGGUGGA CUGAUGAG X CGAA ACCACGU 


ACGUGGU C UCCACGC 


8137 


AAGGGUG CUGAUGAG X CGAA AGACCAC 


GUGGUCU C CACCCUU 


8144 


CCUGAGG CUGAUGAG X CGAA AGGGUGG 


CCACCCU U CCUCAGG 


8145 


GCCUGAG CUGAUGAG X CGAA AAGGGUG 


CACCCUU C CUCAGGC 


8148 


ACGGCCU CUGAUGAG X CGAA AGGAAGG 


CCUUCCU C AGGCCGU 


8164 


GUACGAG CUGAUGAG X CGAA AGCCCAU 


AUGGGCU C CUCGUAC 


8167 


UCCGUAC CUGAUGAG X CGAA AGGAGCC 


GGCUCCU C GUACGGA 


8177 


AGUACUG CUGAUGAG X CGAA AAUCCGU 


ACGGAUU C CAGUACU 


8185 


CCCAGGA CUGAUGAG X CGAA AGUACUG 


CAGUACU C UCCUGGG 


8241 


AAGCCCA CUGAUGAG X CGAA AGGGCUU 


AAGCCCU A UGGGCUU 


8248 


AUACGAG CUGAUGAG X CGAA AGCCCAU 


AUGGGCU U CUCGUAU 


8249 


CAUACGA CUGAUGAG X CGAA AAGCCCA 


UGGGCUU C UCGUAUG 
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8251 


GUCAUAC CUGAUGAG X CGAA AGAAGCC 


GGCUUCU C GUAUGAC 


8254 


GGUGUCA CUGAUGAG X CGAA ACGAGAA 


UUCUCGU A UGACACC 


8269 


UGAGUCA CUGAUGAG X CGAA AGCAGCG 


CGCUGCU U UGACUCA 


8270 


UUGAGUC CUGAUGAG X CGAA AAGCAGC 


GCUGCUU U GACUCAA 


8275 


GACUGUU CUGAUGAG X CGAA AGUCAAA 


UUUGACU C AACAGUC 


8282 


UCUCAGU CUGAUGAG X CGAA ACUGUUG 


CAACAGU C ACUGAGA 


8297 


CAACACG CUGAUGAG X CGAA AUGUCGC 


GCGACAU C CGUGUUG 


8303 


ACUCCUC CUGAUGAG X CGAA ACACGGA 


UCCGUGU U GAGGAGU 


8311 


• GUAGAUU CUGAUGAG X CGAA ACUCCUC 


GAGGAGU C AAUCUAC 


8315 


AUUGGUA CUGAUGAG X CGAA AUUGACU 


AGUCAAU C UACCAAU 


8317 


ACAUUGG CUGAUGAG X CGAA AGAUUGA 


UCAAUCU A CCAAUGU 


8325 


AAGUCAC CUGAUGAG X CGAA ACAUUGG 


CCAAUGU U GUGACUU 


8332 


GGGGGCC CUGAUGAG X CGAA AGUCACA 


UGUGACU U GGCCCCC 


8400 


UUUGAAU CUGAUGAG X CGAA AGUCAGG 


CCUGACU A AUUCAAA 


8403 


CCUUUUG CUGAUGAG X CGAA AUUAGUC 


GACUAAU U CAAAAGG 


8404 


CCCUUUU CUGAUGAG X CGAA AAUUAGU 


ACUAAUU C AAAAGGG 


8472 


GUGAGGG CUGAUGAG X CGAA AUUGCCG 


CGGCAAU A CCCUCAC 


8477 


AGCAUGU CUGAUGAG X CGAA AGGGUAU 


AUACCCU C ACAUGCU 


8485 


UUUCAAG CUGAUGAG X CGAA AGCAUGU 


ACAUGCU A CUUGAAA 


8488 


GGCUUUC CUGAUGAG X CGAA AGUAGCA 


UGCUACU U GAAAGCC 


8565 


UCACAGA CUGAUGAG X CGAA AACGACA 


UGUCGUU A UCUGUGA 


8567 


UUUCACA CUGAUGAG X CGAA AUAACGA 


UCGUUAU C UGUGAAA 


8606 


AGACUCG CUGAUGAG X CGAA AGGCUCG 


CGAGCCU A CGAGUCU 


8612 


CCGUGAA CUGAUGAG X CGAA ACUCGUA 


UACGAGU C UUCACGG 


8614 


CUCCGUG CUGAUGAG X CGAA AGACUCG 


CGAGUCU U CACGGAG 


8615 


CCUCCGU CUGAUGAG X CGAA AAGACUC 


GAGUCUU C ACGGAGG 


8625 


CUAGUCA CUGAUGAG X CGAA AGCCUCC 


GGAGGCU'A UGACUAG 


8631 


GAGUACC CUGAUGAG X CGAA AGUCAUA 


UAUGACU A GGUACUC 


8635 


GGCAGAG CUGAUGAG X CGAA ACCUAGU 


ACUAGGU A CUCUGCC 


* 8677 


GAAeUCe-eUGAUGKG^X^eOAA-'AGUCGUA"- 


" UAGGAeU-U-GGAGUUG*" 


. -;86;83~ 


- UGUUAlJg, igUGAUGAG^^ 


-^^CUUGGAGJ^^ 


8687 


AUGAUGU CUGAUGAG "X CGAA AUCAACU 


AGUUGAU A ACAUCAU 


8692 


GGAGCAU CUGAUGAG X CGAA AUGUUAU 


AUAACAU C AUGCUCC 


8710 


CGCGACC CUGAUGAG X CGAA ACACGUU 


AACGUGU C GGUCGCG 


8714 


CGUGCGC CUGAUGAG X CGAA ACCGACA 


UGUGGGU C GCGCACG 


8743 


GAGGUAG CUGAUGAG X CGAA ACACUCU 


AGAGUGU A CUACCUC 


8746 


AGUGAGG CUGAUGAG X CGAA AGUACAC 


GUGUACU A CCUCACU 


8750 


CACGAGU CUGAUGAG X CGAA AGGUAGU 


ACUACCU e ACUCGUG 


8754 


GGAUCAC CUGAUGAG X CGAA AGUGAGG 


CCUCACU C GUGAUCC 


8760 


GUGGUGG CUGAUGAG X CGAA AUCACGA 


UCGUGAU C CCACCAC 


8799 


GUGUGUC CUGAUGAG X CGAA AGCUGUC 


GACAGCU A GACACAC 


8808 


UUGACUG CUGAUGAG X CGAA AGUGUGU 


ACACACU C CAGUCAA 


8313 


AGGAGUU CUGAUGAG X CGAA ACUGGAG 


CUCCAGU C AACUCCU 


8818 


UAGCCAG CUGAUGAG X CGAA AGUUGAC 


GUCAACU C CUGGCUA 


8825 


UGUUGCC CUGAUGAG X CGAA AGCCAGG 


CCUGGCU A GGCAACA 


8834 


ACAUGAU CUGAUGAG X CGAA AUGUUGC 


GCAACAU C AUCAUGU 
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l-AUALAU LUCjAUUAG a CGAA AUGAUGU 


ACAUCAU C AUGUAUG 


o o / u 


UUAUL.AA L.UGAUvjAu A ^GAA ALJuAULL- 


GGAUGAU U UUGAUGA 


O O / Z 


R rr Tn a r t/^ ^ Tr> a t to a r< v • rr* a a a a a t ir^ an 
A(jUL-AU^ UUGAUuAo a L.uAA aaauuau 


a T TO H T TT Tf t T T ^ K T Trt » T 

AUGAUUU U GAUGACU 


0 O C3 4 


VjGAijAAo t.UGAUGAts A uGAA AGUGAGU 


ACUCACU U CUUCUCC 


o □ a c 


f T/^o a o a a r^i to r r to a o v oo a r i\ /^t t/^ h 
UGGAGAA CUGAUGAG A CGAA AAGUGAG 


CUCACUU C UUCUCCA 


o o a 1 


GAUGGAG CUGAUGAG X CGAA AGAAGUG 


CACUUCU U CUCCAUC 


8888 


GGAUGGA CUGAUGAG X CGAA AAGAAGU 


ACUUCUU C UCCAUCC 


8890 


AAGGAUG CUGAUGAG X CGAA AGAAGAA 


UUCUUCU C CAUCCUU 


8854 


CUAGAAG CUGAUGAG X CGAA AUGGAGA 


UCUCCAU C CUUCUAG 


8897 


GGGCUAG CUGAUGAG X CGAA AGGAUGG 


CCAUCCU U CUAGCCC 


8898 


UGGGCUA CUGAUGAG X CGAA AAGGAUG 


CAUCCUU C UAGCCCA 


8900 


CCUGGGC CUGAUGAG X CGAA AGAAGGA 


UCCUUCU A, GCCCAGG 


8915 


CCUUUUC CUGAUGAG X CGAA AGCUGUU 


AACAGCU U GAAAAGG 


8952 


AUGGAGU CUGAUGAG X CGAA ACAGGCC 


GGCCUGU U ACUCCAU 


8953 


AAUGGAG CUGAUGAG X CGAA AACAGGC 


GCCUGUU A CUCCAUU 


8956 


CUCAAUG CUGAUGAG X CGAA AGUAACA 


UGUUACU C CAUUGAG 


8960 


GUGGCUC CUGAUGAG X CGAA AUGGAGU 


ACUCCAU U GAGCCAC 


8969 


GUAGGUC CUGAUGAG X CGAA AGUGGCU 


AGCCACU U GACCUAC 


8975 


UCUGAGG CUGAUGAG X CGAA AGGUCAA 


UUGACCU A CCUCAGA 


8979 


AUGAUCU CUGAUGAG X CGAA AGGUAGG 


CCUACCU C AGAUCAU 


8984 


GUUGAAU CUGAUGAG X CGAA AUCUGAG 


CUGAGAU C AUUCAAC 


8987 


GUCGUUG CUGAUGAG X CGAA AUGAUCU 


AGAUCAU U CAACGAC 


8988 


AGUCGUU CUGAUGAG X CGAA AAUGAUC 


GAUCAUU C AACGACU 


8996 


GACCAUG CUGAUGAG X CGAA AGUCGUU 


AACGACU C CAUGGUC 


9003 


GCGCUAA CUGAUGAG X CGAA ACCAUGG 


CCAUGGU C UUAGCGC 


9005 


AUGCGCU CUGAUGAG X CGAA AGACCAU 


, AUGGUCU U AGCGCAU 


9006 


TV TV r ^^^^ TV T IV ^ V Tl Tl TV TV ^ TV IV 

AAUGCGC CUGAUGAG X CGAA AAGACCA 


UGGUCUU A GCGCAUU 


7013 


GAGUGAG CUGAUGAG X CGAA AUGCGCU 


AGCGCAU U CUCACUC 


Ol^l A 

SU 14 


oo a OTTO a otToaTToao v ooaa rtitoooo 
GGAGUGA CUGAUGAG X CGAA AAUGCGC 


GCGCAUU C UCACUCC 


on t £ 


AUGGAGU CUGAUGaG X UGAA AGAAUGC 


vaCAUUCU C ACUCCAU"" 




^ AACU AUti^VH vLvS^^^'^ iCoAA - AGUGAGA-^^^ 


" - ueUCACUs^ C- -CAUAGUU-- 




oaoiiaao oiToaTToa'o v ooaa rttoorott 
oAvjUAAC * CUGAUGAG A- UGAA AUGGAGU-^ . 


aofTooaTT-a OTTiTar^TT/^ 
- AUUCCAU A GUUACUC 


7 u « / 


ooRoaoiT OTToaTToao V ooaa aofiaTTOo 
GGAGAGU CUGAUGAG A UGAA ACUAUGG 


OOJXTTaOfT TT aOTT^^T/^/^ 

Ct-AUAGU U ACUCUCC 


7 U Z 0 


UouAvjAG CUGAUGAur A L.GAA AAUUAUtj 


OaTTAOTTTT a OfTOTTOOa 

CAUAGUU A CUL.UCCA 




apnTrina PTTnaTinan y p(^aa afSTTaapTT 


aPflTTaOTT O TTOOaOOTT 


7 U J J 




TTTTAPTTPTT p papnima 


9044 






9048 






9057 


AGGCAUG CUGAUGAG X CGAA AGCCACC 


GGUGGCU U CAUGCCU 


9058 


GAGGCAU CUGAUGAG X CGAA AAGCCAC 


GUGGCUU C AUGCCUC 


9105 


CUGGCCC CUGAUGAG X CGAA AUGUCUC 


GAGACAU C GGGCCAG 


9169 


GAAGAGG CUGAUGAG X CGAA ACUUGCC 


GGCAAGU A CCUCUUC 


9173 


AGUUGAA CUGAUGAG X CGAA AGGUACU 


AGUACCU C UUCAACU 


9175 


CCAGUUG CUGAUGAG X CGAA AGAGGUA 


UACCUCU U CAACUGG 


9176 


CCCAGUU CUGAUGAG X CGAA AAGAGGU 


ACCUCUU C AACUGGG 


9188 


UGGUCCU CUGAUGAG X CGAA ACUGCCC 


GGGCAGU A AGGACCA 
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9200 


UGAGUUU CUGAUGAG X CGAA AGCUUGG 


CCAAGCU C AAACUCA 


9206 


UUGGAGU CUGAUGAG X CGAA AGUUUGA 


UCAAACU C ACUCCAA 


9210 


GGGAUUG CUGAUGAG X CGAA AGUGAGU 


ACUCACU C CAAUCCC 


9215 


CGGCCGG CUGAUGAG X CGAA AUUGGAG 


CUCCAAU C CCGGCCG 


9261 


CCGCUGU CUGAUGAG X CGAA ACCAGCA 


UGCUGGU U ACAGCGG 


9262 


CCCGCUG CUGAUGAG X CGAA AACCAGC 


GCUGGUU A CAGCGGG 


9294 


CGGGCAC CUGAUGAG X CGAA AGACAGG 


CCUGUCU C GUGCCCG 


9313 


CCACAUA CUGAUGAG X CGAA ACCAGCG 


CGCUGGU U UAUGUGG 


9314 


ACCACAU CUGAUGAG X CGAA AACCAGC 


GCUGGUU U AUGUGGU 


9315 


CACCACA CUGAUGAG X CGAA AAACCAG 


CUGGUUU A UGUGGUG 


9409 


AAAAGGG CUGAUGAG X CGAA AUGGCCU 


AGGCCAU C CCCUUUU 


9414 


AAAAAAA CUGAUGAG X CGAA AGGGGAU 


AUCCCCU U UUUUUUU 



Wliere "X" represents stem II region of aHH ribozyme (Hertel et al., 1992 Nucleic Acids 
Res. 20: 3252), The length of stem II may be 2 base-pairs. 
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Table VII: HCV Hairpin (HP) Ribozyme and Target Sequence 



Pos 


iviouzyrnc ^cC|uenc6 


Substrate 








10 


CCCCCA AGAA GGGG ACCAGAGAAACA X GUArATTTTarmn/^TTA 


CCCC CGAU UGGGGG 


59 


CGUGAA AGAA GUAG ACCAGAGAAACA Y nTTaraTTn2ir'mTPnTT& 


CUAC UGUC UUCACG 


109 


CCUGGA AGAA GCAC ACCAflArtAAAPa Y nriar'arTTTannrTr'riiTA 


GUGC AGCC UCCAGG 


209 


GCAUUG AGAA GGLTU ACCARAfiAAAPA Y niTaparnTnnnTTnr'TTA 


AACC CGCU CAAUGC 


290 


CUAUCA AGAA GUAC ACCAGAGAAAPA Y GTTapaTTTTapPTTnr'TTa 


GUAC UGCC UGAUAG 


390 


GUGGGC AGAA GLTAG ACCAGAGAAAPA Y GTTnpaTTTT&nr'TTr'r'TTTv 


CUAC CGCC GCCCAC 


393 


CCUGUG AGAA GCGG ACCAGAGAAAPA Y nnXin^iTTtnnnjinnxTrs, 


CCGC CGCC CACAGG 


427 


CCAACG AGAA GACC ACCAGAGAAAPA Y PTTapaTTTTapprTrsr*! ra 


GGUC AGAU CGUUGG 


505 


GGUUGC AGAA GUUC ACCAGAGAAACA Y GriAPAriTTAPPTTnPTTA 


GAAC GGUC GCAACC 


549 


CCUCGG AGAA GCGA ACCAGAGAAACA X GTTAPArTTTAPPTTPPTTA 


UCGC CGAC CCGAGG 


574 


UACCCA AGAA GAGP APPAGAGAAAPL Y rSTTaPaTTTTRPPTTrv^TTA 


GCUC AGCC UGGGUA 


645 


GCCGGG AGAA GCGG ACCAGAGAAACA X GITAPATTTTAPPTTPPTTa 


CCGC GGCU CCCGGC 


652 


CAACUA AGAA GGGA ACCAGAGAAACA X GITAParTTTappTTPpna 


UCCC GGCC UAGUUG 


671 


CCGGGG AGAA GUGG ACCAGAGAAACA X GTJAPATlTTAPPTTpriTTa 


CCAC GGAC CCCCGG 


726 


CGGCGA AGAA GCAP ACCAGAGAAAPA Y GTTAPaTTTTappTTrv^rTTv 


GUGC GGCU UCGCCG 


734 


CAUGAG AGAA GCGA ACCAGAGAAACA X GIIAPATrrTAPPT7Pr:T7a 


UCGC CGAC CUCAUG 


754 


CCGACG AGAA GAAU ACCAGAGAAACA X GUAPAITTTAPPTTGGTta 


AUUC CGCU CGUCGG 


852 


AAGAGC AGAA GGGC ACCAGAGAAACA X GUAPAtTTTAPPTTGGTTA 


eCCC GGUU GCUCUU 


883 


CAGGAC AGAA GGGC ACCAGAGAAACA X GUACAUUACCUGGUA 


vjLLL UGCu GUCCUG 


686 


AAACAG AGAA GCAG ACCAGAGAAACA X GUACAUUACCUGGUA 


L.UuC UvjUC CUGUUU 


891 


UGGUCA AGAA GGAC ACCAGAGAAACA X GUACAUUACCUGGUA 


{jULU UCjUU UGACCA 


905 


AGCGGA AGAA GGGA ACCAGAGAAACA X GUACAUUACCUGGUA 


T TPPP a nr^T t t inr^rr'T t 


911 


CUGAUA AGAA GAAG ACCAGAGAAACA X GUACAUUACCUGGUA 


PTTTTP PPPTT TTaTTr»nr« 


960 


AGUUGG AGAA GUCA ACCAGAGAAACA X GUACAUUACCUGGUA 


TTGAP TTflPTT PPaar^TT 


CCCAAC AGAA GGAG ACCAGAGAAACA X GUACAUUACCUGGUA 


PtTPP '^PGrTTi niTJinrin " 


'1145 


GAAAGC''XGAfl^ GCCC -ACCAGAGAAACA^ - 


^ GGGC^'GGPP" GPTTTtT TP"- 


1148 


ACAGAA AGAA GCCG ACCAGAGAAACA X GUACAUUACCUGGUA 


CGGC CGCU UUPTTGTT 


1155 


UGGCGG AGAA GAAA ACCAGAGAAACA X GUACAUUACCUGGUA 


UUUC UGUU CCGCCA 


1185 


AAACGG AGAA GCAG ACCAGAGAAACA X GUACAUUACCUGGUA 


CUGC GGAU CCGUUU 


1190 


GAGGAA AGAA GAUC ACCAGAGAAACA X GUACAUUACCUGGUA 


GAUC CGUU UUCCUC 


1207 


GUGAAC AGAA GGGA ACCAGAGAAACA X GUACAUUACCUGGUA 


UCCC AGUU GUUCAC 


1331 


CACUAG AGAA GUUG ACCAGAGAAACA X GUACAUUACCUGGUA 


CAAC AGCC CUAGUG 


' 1357 


UGUGGG AGAA GGAG ACCAGAGAAACA X GUACAUUACCUGGUA 


CUCC GGAU CCCACA 


1370 


AUCCAC AGAA GCUU ACCAGAGAAACA X GUACAUUACCUGGUA 


AAGC UGUC GUGGAU 


1562 


UCUCUG AGAA GGCC ACCAGAGAAACA X GUACAUUACCUGGUA 


GGCC GGCC CAGAGA 


1576 


UUUAUG AGAA GGAU ACCAGAGAAACA X GUACAUUACCUGGUA 


AUCC AGCU CAUAAA 


1596 


UGUGCC AGAA GCCA ACCAGAGAAACA X GUACAUUACCUGGUA 


UGGC AGCU iS'GCACA 


1616 


GUUCAG AGAA GUCC ACCAGAGAAACA X GUACAUUACCUGGUA 


GGAC UGCC CUGAAC 


1663 


GCGUAG AGAA GUGC ACCAGAGAAACA X GUACAUUACCUGGUA 


GCAC UGUU CUACGC 


1692 


CUGGGC AGAA GGAC ACCAGAGAAACA X GUACAUUACCUGGUA 


GUCC GGAU GCCCAG 


1713 


AGCUGC AGAA GGCC ACCAGAGAAACA X GUACAUUACCUGGUA 


GGCC AGCU GCAGCU 



95 



247/282 



1719 




CUGC AGCU CCAUCG 


1797 


AATTfiPP AfZ&iA rzrTAZi 2XPPZif2afia aapzi Y nTTapariTTiiPPTTPprTa 


UUAC UGCU GGCAUU 


1863 


firznrifjzi ArzAA /^rriip APPArszi^AZizvpii y fzriJipaTTTTZippTTnpTTa 


/^rTA/*1 TT/*ITTTT TT/^lk^y^y^ 

GUAC UGUU UCACCC 


1880 


PiPTTAP AfZAA nnrzn APPanAf^AaapA y firTaPATTTTAPPTinpfTA 


^ T TO T TT T y^T * H «T TO 

GCCC UGUU GUAGUG 


1898 


nrSAPPf^ AHA A nriPf^ APPAnAnAAAPA Y nTiaPATTTTAPPTTf^PTTa 


OO A O PO A T T OOOTT^^ 

CGAC CGAU CGGUCC 


X 7 U J 


OPAPPfl AOAA (^ATTP APPAOAf^A A APA Y nTTaPATTITAPPTTr^rTa 


GAUC GGUC CGGUGC 




PAnPAP ArSAA rJTTPTT APPAfSAriAAAPA Y (^T TA P AT TTT A PPT TnPTTR 


1^ ^ It It ^ ^ T T ^y T 

AGAC AGAU GUGCUG 




TTTinariA A^^AA ^^PAP APPAflAnAAAPA Y f^ITaPATTTTaPPTTPPTTft 


GUGC UGCU UCUCAA 




' TTPTTnpp apaa ppptt appapapaaapa v PTTapatTTTap/^TT/^rrTn 


ACGC GGCC GCCACA 


1 A Q "5 

^ U a Z 




GACC UGCC CCACGG 




aaa/^pa ar^aa /^rtr^p appapapaaapa v PTTa/^aTTTTA/^^TTo/^TTJv 
AAAov_A AGAA uUGG Awt-AoA(jAAAt-A A GUACAUuACCUGGUA 


CCAC GGAU UGCUUU 


£ J JL b 


r>r*Jit^r*r* apaa pttpp appapapaaapa v prTapaTTTTar«/^TTi^r»fTT\ 
(jL.U^I»G AGAA GUv.^ At-L.AGAGAAAuA A GUALAUUAUUUGGUA 


GGAC AGAU CGGAGC 


^ J ^ o 


r*r*Ke^r^r^ apaa r^'^f^r* appapapaaapa v PTTapaTTrTappTT/^/^rtn 
tjUAGCG AGAA GAGu AGl-AGAGAAAuA A GUA^AUUAGUUGGUA 


GCUC AGCC CGCUGC 


Z J J / 


appar^r^ apaa t^r^f^Ji appapapaaapa v ptta ^aTTTTT^p^TT/^/^TT)^ 
AGt-AGG AGAA GGGU AGUAGAGAAAGA A GUACAUUACCUGGUA 


AGCC CGCU GCUGCU 


•5 0 O C 
^ J J 3 


GACAGC AGAA GCGG ACCAGAGAAACA A GuACAUUACCUGGUA 


CCGC UGCU GCUGUC 


*5 T "3 Q 
Z J J O 


T/^/^ TV O IV ^ IV TV P^TV TV IVPTV^TVTITVPIV V ^TTIV^TITTT TH ^^TT^^T Tn 

GUGGAC AGAA GCAG ACCAGAGAAACA X GUACAUUACCUGGuA 


CUGC UGCU GUCCAC 


•5 1 A 1 


^rTP/*'fTr^ a TV TV /^^TV/^ a O/^ TV P I\ a Tl TV P R V ^TTTV O IV TTTT1V n^Ttr^r^fT* 

GUCGUG AGAA GCAG ACCAGAGAAACA X GUACAUUACCUGGUA 


CUGC UGUC CACGAC 


2370 


UGAAGG AGAA GGGA ACCAGAGAAACA X GUACAUUACCUGGUA 


UCCC UGUU CCUUCA 


23 90 


GGACAG AGAA GGUA ACCAGAGAAACA X GUACAUUACCUGGUA 


UACC GGCU CUGUCC 


23 95 


CCAGUG AGAA GAGC ACCAGAGAAACA X GUACAUUACCUGGUA 


GCUC UGUC CACUGG 


2465 


GGAGAC AGAA GCUG ACCAGAGAAACA X GUACAUUACCUGGUA 


CAGC GGUU GUCUCC 


2522 


GCGCGC AGAA GCCA ACCAGAGAAACA X GUACAUUACCUGGUA 


UGGC GGAC GCGCGC 


2341 


TT/^/^ R ^ IV IV TV TV /^/^^1V TV Z^/*^ TV ^ TV TVT^TV^IV V ^fTlV^TlTTTTH /^/^T T^^^r Til 

UCCACA AGAA GGCA ACCAGAGAAACA X GUACAUUACCUGGUA 


UGCC UGCU UGUGGA 


"3 C C T 


O /"T T A T TV ^ A A t^t^TWX A PP A A A A A A V /^T T A A TTT T A PPfT/^/^f T A 

GCUAUC AGAA GCAU ACCAGAGAAACA X GUACAUUACCUGGUA 


AUGC UGCU GAUAGC 


O C T Q 
2 3/7 


CUCUAG AGAA GCCU ACCAGAGAAACA X GUACAUUACCUGGUA 


AGGC CGCC CUAGAG 


Z O Z / 


aarrppp apaa r^nni^ appapapaaapa v PTTapaTTTTar»/^rTr»r^TTA 
AAUGCC AGAA GCUC ACCAGAGAAACA A GUACAUUACCUGGUA 


GAGC GGAU GGCAUU 


9 7 
Z O O 


PTTAPPB apaa ppap appa^a/^aaapa v PTTapaTTTTappTTr^PTTa 
vjUAU^A A(jfAA u^AV* AV-^-AwM-oAAAvJA A GUACAUUACCUGGUA 


GUGC CGCC UGGUAC 


^ ( ^ 3 


AnriAf^P ACAA nPPA APPAriAf^A a APA Y nriAPAnTTAPPTTr^TTa 


UGGC CGCU GCUCCU 


2728 


AHPAnn AHAA CXCfZCi APPAHAHAAAPA Y nrTAPAITTTAPPTTr^nrTA 


f^f^f^C TTPPTT PPTTPPfT 

CCGC UGCU CCUGCU 


2734 




UU^L. UvjtCU CCUGCU 




' --^ii arif^f=ip--ar;-2t'A -fiRAH — Y—RHAPATTTTAPPTTfinTTA - — 




2978 


UGGGUG AC5AA GCAC ACCAGAGAAACA X GUACAUUACCUGnUA 


- GTTGP GGPP PAPPPA"^' 


3 016 


AUGGCG AGAA GGAG ACCAGAGAAACA X GUACAnTIArrtTGGITA 


PTTPP TT/7PTT PnPPATT 


3030 


UGAGCG AGAA GAGA ACCAGAGAAACA X GUACAUUACCUGGUA 


UCUC GGUC rRnTCA 


3034 


ACCAUG AGAA GACC ACCAGAGAAACA X GUACAUUACCUGGr TA 


GGTTP PGPTT PAimGTT 


3260 


GAAGAC AGAA GGCU ACCAGAGAAACA X GUACAUUACCUGGUA 


AGCC CGUC GUCTTTTC 


3340 


GAGACG AGAA GUCC ACCAGAGAAACA X GUACAUUACCUGGUA 


GGAC UGCC PGTIPTir 


3344 


GGCGGA AGAA GGCA ACCAGAGAAACA X GUACAUUACCUGGUA 


UGCC CGUC UCCGCC 


3350 


CCUUCG AGAA GAGA ACCAGAGAAACA X GUACAUUACCUGGUA 


UCUC CGCC CGAAGG 


3383 


GCUAUC AGAA GGUC ACCAGAGAAACA X GUACAUUACCUGGUA 


GACC GGCC GAUAGC 


3431 


GGCGUA AGAA GUGA ACCAGAGAAACA X GUACAUUACCUGGUA 


UCAC GGCC UACGCC 


3581 


GUGGAA AGAA GUCC ACCAGAGAAACA X GUACAUUACCUGGUA 


GGAC CGUC UUCCAC 


3597 


UCUUUG AGAA GGCG ACCAGAGAAACA X GUACAUUACCUGGUA 


CGCC GGCU CAAAGA 


3615 


CUUUUG AGAA GGCU ACCAGAGAAACA X GUACAUUACCUGGUA 


AGCC GGCC CAAAAG 


3669 


CAUGCC AGAA GACG ACCAGAGAAACA X GUACAUUACCUGGUA 


CGUC GGCU GGCAUG 


3725 


AUAGAG AGAA GAGC ACCAGAGAAACA X GUACAUUACCUGGUA 


GCUC GGAC CUCUAU 
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3752 


AAUGAC AGAA GCAU ACCAGAGAAACA X GUACAUUACCUGGUA 


AUGP UGAP niTPATTTT 


3771 


CACCGC AGAA GCGC ACCAGAGAAACA X GUACAUUACCUGGUA 


GCGC CGAP GPGHTTG 


3783 


UCCCCC AGAA GUCA ACCAGAGAAACA X GUACAUUACCUGGUA 


UGAP GGTTP fiGnnriA 


3799 


CUGGGG AGAA GUAG ACCAGAGAAACA X GUACAUUACCUGGUA 


PI TAP TTGTTP r'PPPR^T. 


3807 


AGACGG AGAA GGGG ACCAGAGAAACA X GUACAUUACCITGGUA 




3812 


AITAGGA AGAA GGTIG ACPARAGARAGA Y GUArATTlTArPTTGGTIA 


UuUL UCCUAU 


3847 


GGGCAG AGAA GUGG ACCAGAGA^CA X GUArATTUArTTTGGITA 


V-VAL. UCjCU CUCSCCC 


3852 


PPGAAG AGAA GAGG AGPAGAGAAAGA X GFTAr'ATITTAmTGnrTA 




3887 


GGAGAr AGAA drCC APr'AGAGAA APA X GTTAPATTTTAPPTTGnrTn 


wsLju UI.JCU GUGUGC 




AGAPTIP AGAA GGTTA APPAGAGAAAPA Y GTTAPAITTTAPPTTnflTTA 


UAl-L. L-GUU GAGUCU 


•9 17 9 0 


APPGGG anAA GPATT APPAGAG21fi APA V GrTAPAITTTAPPTTrZfirTa 


AUGu GGUC CCCGGU 


39S5 


PGflGAA AGAA GGGG APPAGAGAAAPA Y GTTAPATTTTAPPITGnTTA 


(^r*f^f^ f^T^tTf^ fTttr^Ts r^f* 
L.t.uu t>GUC UuCACG 


3992 


PGGUAP AGAA GGGG APPAGAGAAAPA X GrTAPAlTTIAPPTIGGriA 




4064 


GIIAPGP AGAA GGPA APPAGAGAZXAPA Y GTIAPATTTTAPPTTflrtTTIi 


Uvjv-U ^VjrUU GUGUAG 


*z U r O 


PPPTTTTn AGAA nPGfT APPAGAGAAAPA Y GTTAPAinTAPPrinnrTA 


AGGG AGGG GAAGGG 


*i X X £ 


ddCClCir AGAA fZATTG APPAGAGAAAPA Y GrTAPATITTAPPTTrinrTA 


UAUG UGUU GGGGGG 


41 fil 

*t X □ J 


GTTTTGGn AGAA GTTAP APPAGAGAAAPA Y GITAPATITTAPP^TGnrTA 


GUAG GGAG GGGAAC 


4244 


riPPAPP AGAA GPAA APPAGAGAAAPA Y GI TAPATTtTAPPTTGGrTA 


U \JVjG GGAG GGUGGA 


4304 


AGTTPGA AGAA GITTTG APPAGAGAAAPA Y GrTAPATITTAPPTTGflTTA 


UAAG UGAG UGGAGU 


4334 


GtTPPAG AGAA GHGP APPAGAGAAAPA Y GTTAP ATTIIAPPUGnTTA 


VJL.n^ AoU^ GUGGAG 






AGAC GGCU GGAGCG 


4366 


APGAPG AGAA CiCnC APPAGAGAAAPA Y GTTAPATTTTAPPTTGriTTA 


uUuU uGUU GGUGGU 


4441 


GTTGtltlG AGAA GAGP APPAGAGAAAPA Y GtJAPATITTAPPTrGGrTA 


u^UU UuU^ GAAGAG 


4621 


PPGPITA AGAA GUATI APPAGAGAAAPA X GriAPATITTAPPTTGGITA 


ATTAP PHAP TTarTT'r* 


4652 


UAGAGP AGAA GUUG ACCAGAGAAACA X GUAPAUUAPClTGGtTA 


PAAP AfSAP nPfTPTTa 


4724 


GAAAITP AGAA GirPTI APPAGAGAAAPA Y GITAPATITTAPPTTGGTTA 


anap amTr* rsaTTTTTTr^ 
AvjfA^- AvjUU GAUUUG 


4734 


GAITPPA AGAA GAAA APPAGAGAAAPA Y GriAPATTTTAPPTTGGTTA 


TTTTTTP AHPrT TT/TT'aTTr' 
UUU^ AoL.U UGGAUG 


4861 


CrCGACi AGAA GUUP ACCAGAGAAACA X GQAPAUTTAPPTTGGtTA 


GAAP Cicico n^irrznr' 


4886 


ACACAG AGAA GAAG ACCAGAGAAACA X GUACAUUACCUGGUA 


PTITTP GGTTP PTTGTTGTT 


4937 


AGUCUC AGAA GGCG ACCAGAGAAACA X GUACAUUACCUGGUA 


, CGCC PGCU GAGAPTT 


"'4 988'--- 


; ' rCUGGCA^ -AGAA"' GGCA "AG 'X^ GUACAUUACCUGGUA- ' 


^ ^UGCe CGUC ' OGCCAG" 


5059 


GUUUGG AGAA GGAA ACCAGAGAAACA X GUACAUUACCUGGUA 


UUCC UGUC CCAAAC 


5179 


GGUUUA AGAA GUAU ACCAGAGAAACA X GUACAUUACCUGGUA 


AUAC GGCU UAAACC 


5212 


CUAUAC AGAA GGGG ACCAGAGAAACA X GUACAUUACCUGGUA 


CCCC UGCU GUAUAG 


5231 


AUUUUG AGAA GCUC ACCAGAGAAACA X GUACAUUACCUGGUA 


GAGC CGUU CAAAAU 


5291 


CAGGUC AGAA GACA ACCAGAGAAACA X GUACAUUACCUGGUA 


UGUC GGCC GACCUG 


5294 


CUCCAG AGAA GCCG ACCAGAGAAACA X GUACAUUACCUGGUA 


CGGC CGAC CUGGAG 


5345 


GGCCAG AGAA GCAA ACCAGAGAAACA X GUACAUUACCUGGUA 


UUGC AGCU CUGGCC 


5417 


AACAAC AGAA GGCC ACCAGAGAAACA X GUACAUUACCUGGUA 


GGCC GGCU GUUGUU 


5420 


GGGAAC AGAA GCCG ACCAGAGAAACA X GUACAUUACCUGGUA 


CGGC UGUU GUUCCC 


5509 


UCGGCG AGAA GCAU ACCAGAGAAACA X GUACAUUACCUGGUA 


AUGC AGCU CGCCGA 


5521 


UGCUUG AGAA GCUC ACCAGAGAAACA X GUACAUUACCUGGUA 


GAGC AGUU CAAGCA 


5576 


GGGAGC AGAA GCCU ACCAGAGAAACA X GUACAUUACCUGGUA 


AGGC CGCU GCUCCC 


5573 


CACGGG AGAA GCGG ACCAGAGAAACA X GUACAUUACCUGGUA 


CCGC UGCU CCCGUG 


5683 


UUCCCA AGAA GAGU ACCAGAGAAACA X GUACAUUACCUGGUA 


ACUC UGCC UGGGAA 


5710 


AAUGCC AGAA GUGA ACCAGAGAAACA X GUACAUUACCUGGUA 


UCAC UGAU GGCAUU 
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5723 




UCAC AGCC UCUAUC 


5736 


uurtuk.o rtvjAA uOUu AUVhAuAuAAAUA a ^jU A^-AUUAL,L-ULi(jrUA 


CACC AQUC .CGCUCA 


5740 


uUo^ULj AoAA oAuU AuwioAvjAAALA A (jUAL.ALnjACCUGGUA 


AGUC CGCU CACCAC 


5764 


aTTrtiTTTfi arzaa n/^an appapapaaapa y pfTa/^aTTTTA/^mTr"<^TT^ 
AUuUUo AuAA kjVjAvj AUuAuAvjAAALA A oUAt-ALTUACCUGGUA 


CUCC UGUU CAACAU 


57Q5 
-J / 


naPTTTTn anaa pppa apnar*ar'aaar'a v r'TTR^Mmn r»^TT/^^TTii 
UAurUUu A^jAA vjUUA AV*^-A(aAVjAAALA A oUAUAUUACCUGGUA 


UGGC UGCU CAACUC 


5n 1 A 

3 a xo 


vjOV-UVjA AtjAA U(.AU ALLAGAGAAAUA A GUACAuUACCUGGUA 


GUGC UGCU UCGGCC 




pappaa apaa paap appa^ar^aaar'a v ^TTJvonTTTTTvor^Trt/^Tm 
^AUuAA AIjAA uAAkj AL.UA(jAvjAAAL!A A VjUAt-AUUACCUGGUA 


CUUC GGCC UUCGUG 


3 ? oo 


rtTTPPfTP apaa pann appanapaaapa v r'fTar»aTTTTnr"r'TTr»orT7v 

uU\»UUk. AuAA \Jt\\j\j AUUAtaAoAAAUA A oUAQ-AUUACCUGGUA 


CCUC CGCC GAGGAC 




' ppfiaTTP apaa pptttt appa^apaaar'a v r^nnr^T\iTm\r^r^nr^r^Tf9i 
u^UAUk. AoAA vvjUu AUUAuAVjAAAL.A A tjUAt.AUUACCUGGUA 


AACC GGCU GAUAGC 


O JL / 0 


papapp apaa papn appa/^ar'aaar^R v /^ttroatttt?* /^ott/^/^t* 
^AvjAuu AuAA VxAuU A\-L.ALjAoAAALA A VjUAuAUUACCUGGUA 


ACUC AGAU CCUCUC 




iTPPTT/^a arsaa r^pan ar^/^a*^ar^aaar^a v ^tt7\ /^7\mjn r^rrtTr^^vr^ 
U^jOUVjA AtjAA uoAu AL-^AuAurAAAuA A oUACAuUACCUGGUA 


CUCC AGCC UCACCA 




TTTTPapp apaa paPTt ar'pa^ar'aaar^a v r^rTnoariTTR/^/^TTr^^TTn 
UUUAuL. ALjAA uAuU AUUAIjAuAAAuA a UUACAUUACCUGGUA 


ACUC AGCU GCUGAA 


o ^ U 0 


PTTPTTTTr' anaa r*r^nt^ a/^r'a^^a/^aaaoa v /^i TA/^i\rTYT* /^/^TT^^^tT* 
^UUUUL AtsAA uCUu A^LAGAGAAALA A GUACAuTJACCUGGUA 


CAGC UGCU GAAGAG 




Uv.^UGG AoAA (jUL.U A(^UAGAGAAAuA A GUALAUUACCUGGUA 


GGAC UGCU CCACGC 


D ^QX 


GLL.AL,G AGAA GGAG ALuAGAGAAACA A GUACAUUACCUGGUA 


CUCC GGCU CGUGGC 


CI no 
0 J Uo 


LUUGAA AGAA GUCA ACCAGAGAAACA X GUACAUUACCUGGUA 


UGAC UGAC UUCAAG 


a J £0 


AGCUUG AGAA GGAG ACCAGAGAAACA X GUACAUUACCUGGUA 


CUCC AGUC CAAGCU 


c ^ ^ rt 


AAUUUC AGAA GGAG ACCAGAGAAACA X GUACAUUACCUGGUA 


CUCC UGCC GAAAUU 


C A T 


C AC AUG AGAA GGUG ACCAGAGAAACA X GUACAUUACCUGGUA 


CACC UGCC CAUGUG 




UCAUGG AGAA GuUU ACCAGAGAAACA X GUACAUUACCUGGUA 


AAAC GGUU CCAUGA 


£ coo 


CUCUUC AGAA GCCA ACCAGAGAAACA X GUACAUUACCUGGUA 


UGGC UGCU GAAGAG 


C C Q 1 


UUCGGG AGAA GGGA ACCAGAGAAACA X GUACAUUACCUGGUA 


UCCC GGCC CCCGAA 




Of TO t TO O AOAA OOAO A OO IV TVOTVTklVOM V OT T Iv O K r W T« O v « 

CuGUGC AGAA GCAC ACCAGAGAAACA X GUACAUUACCUGGUA 


GUGC GGUU GCACAG 


b /dj 


^/^aoao aoaa ooao aooaoaoAAaoA v OTTAOArrtT^ooTTooTTn 
GGAGAG AGAA GCAC ACCAGAGAAACA X GUACAUUACCUGGUA 


GUGC AGAC CUCUCC 


a d 1 / 


r^^itr^r^c* ar^aa /^ri^a ao/^a^aoa a a oa v otta oafttta oottoott* 
L AUGGG AGAA GUGA ACCAGAGAAACA X GUACAUUACCUGGUA 


UCAC AGCU CCCAUG 


b a J 7 


TTorr^ar* aoaa nr^xTfi a/^/^a^aoa a a/^ia v ottaoattttaoottoott* 
UVjUCAL. AUAA GGUU ACCAGAGAAACA A GUACAUUACCUGGUA 


AACC GGAU GUGGCA 


n A Q 

o o o ? 


f^r'^r^fm a^riaa r^xir^h. ar'oar^a/^aa aoa v rrTaoATTfTa oottootttv 
u^jALjOU AoAA ^U^A AUCAtarAtjAAACA A GUACAUUACCUGGUA 


UCAC CGAC CCCUCC 


0 3 0 7 


PTTpaap apaa nfint^ appa^ar'aa ana v rrTar^ATTTTaooTToorTA 

UUoAALt ALiAA vjuUL. AUt-AtiALjAAAL-A A GUACAUUACCUGGUA 


GGCC AGCU CUUCAG 


7007 


fitTPapp apaa cznnn appapapaaapa y pTTapaTTTTapnTTrrrTa 

VJUV.AUV. iVtJf\r\ OOVjO /W^^AOinVjAAAVuiA A uUAVw.AUUA\.UU\j(jUA 


CCCC GGAC GCUGAC 


70 13 


~GAUPan ~anaa^=^ppri' "af*pap*a^^A-a-a pa-~Y' priaparn-Ta-^^ 


a OO O T to A O or to IV T TO 

~-ACGC- UGAC-~GUGAUC'^ 


: . ':7-114 ': 


- GPriPPA APAA PPtK^ 'APf?A/iACAAA-Pa"--Y^^"PtiaPa^ 


O A OO OOOTT TTOOIVOO 

rr/iAjAGG-^.GGCU:-^UCGAGC 


7148 


UGCUGC AGAA GAUA ACCAGAGAAACA X GtlAPATTTTAPPTTGPTTa 


- TTaiTi^ O/^rTTT ooaooa 
UAUC CGLFU GCAGCA 


7214 


GUUGUA AGAA GGGC ACCAGAGAAACA X GUACAUTTArPTIGGTTA 


PPP/^ /^r'aiT Tia/^aao 
GCCG GGAU UAGAAC 


7253 


GACGUA AGAA GGAC ACCAGAGAAACA X GUAPAIJTIAPPTTGGTTA 


uU^^ \j(jAC UAGGUC 


7291 


GUGGUA AGAA GCAA ACCAGAGAAACA X GUACAtlUACCUGGUA 


TTTTGP rricn nappap 


7315 


CGUGGA AGAA GUAU ACCAGAGAAACA X GUACAUUAPPTTGGTTA 


ATTAP PPPP TTPParr* 


7337 


CAGAAC AGAA GUCC ACCAGAGAAACA X GUACAnUAPPTIGntTA 


PPAP PPTTTT PTTTTPTTr" 


7367 


CGCCAA AGAA GAAG ACCAGAGAAACA X GUACAUtlArPTTGGTTA 


\^U\JK. Uvjuu UUGGCG 


7401 


AUCCGG AGAA GCCG ACCAGAGAAACA X GUACAUUACCUGGUA 


CGGC AGCU CCGGAU 


7407 


CCGACG AGAA GGAG ACCAGAGAAACA X GUACAUUACCUGGUA 


CUCC GGAU CGUCGG 


7415 


GUCAAC AGAA GACG ACCAGAGAAACA X GUACAUUACCUGGUA 


CGUC GGCC GUUGAC 


7418 


GCUGUC AGAA GCCG ACCAGAGAAACA X GUACAUUACCUGGUA 


CGGC CGUU'GACAGC 


7439 


GGGAGG AGAA GUCG ACCAGAGAAACA X GUACAUUACCUGGUA 


CGAC CGCC CCUCCC 


744 8 


GGUCUG AGAA GGAG ACCAGAGAAACA X GUACAUUACCUGGUA 


CUCC CGAU CAGACC 


7453 


UCAGAG AGAA GAUC ACCAGAGAAACA X GUACAUUACCUGGUA 


GAUC AGAC CUCUGA 


7460 


ACCGUC AGAA GAGG ACCAGAGAAACA X GUACAUUACCUGGUA 


CCUC UGAC GACGGU 
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7481 


CUCAAC AGAA GAUU ACCAGAGAAACA X GUACAUUACCUGGUA 


AAUL UQjAL vjUUGAG 


7535 


GCUGAG AGAA GGGU ACCAGAGAAACA X GUACAUUACCUGGUA 


ALUL UuAU CUCAGC 


7593 


UUGAGC AGAA GACG ACCAGAGAAACA X GUACAUUACCUGGUA 


ULiUL. uCjCU GCUCAA 


7596 


ACAUUG AGAA GCAG ACCAGAGAAACA X GUACAUUACCUGGUA 


Uy\- UGCU C AAUGU 


7627 


GGCGUG AGAA GGGC ACCAGAGAAACA X GUACAUUACCUGGUA 


tjULL UGAU CACGCC 


7660 


UUGAUG AGAA GCUU ACCAGAGAAACA X GUACAUUArrTTfZf^TTa 


AAGC UGCC CAUCAA 


7687 


UGACGC AGAA GAGA ACCAGAGAAACA X GUArATTTTAmTnfZTTA 


UCUC UGCU GCGUCA 


7764 


CUUGCA AGAA GUCA ACCAGAGAAACA X GUACAtTTTArTTTonrTB 


UGAC AGAC UGCAAG 


7870 


GGGGGC AGAA GCUU ACCAGAGAAAPA Y nTTAPaTTTinprTTfir'TTiv 


AAGC UGAC GCCCCC 


7956 


ACACGG AGAA GAUG ACCAGAGAAAPA Y GTiapaTTTTaprTTrrrTn 


CAUC CGCU CCGUGU 


7975 


UCUUCC AGAA GGUC ACCAGAGAAAPA Y GrTflPaTT7TappTTrr»rTa 


GACC UGCU GGAAGA 


8066 


AAGGPG AGAA GGPTT APPAGAGia APA Y r2rTAr»aTTtTapnTr«r«TT7v 


AGCC AGCU CGCCUU 


8087 


LIPPPAG AGAZi GGGA APPAGAGAAAPA Y nTTar'arTTT»r»r'TTor^TT?\ 


UCCC AGAC CUGGGA 


8172 


APIIGGA AGAA GTTAP APPAGAGAAAPA Y r'Tinr'aTTTTRr'r'TTr'rtrTn 


GUAC GGAU UCCAGU 


8262 


CAAAGP AGAA GGTIG APPAGAGAAAPA Y nnhn'h.jrtT'&nr'TinmTT^ 


CACC CGCU GCUUUG * 


8265 


AGIIPAA AGAA dCCiCi APPAGAGAAAPA Y r'Tiar»aTTTTar'/^Tmr«TTA 


CCGC UGCU UUGACU 


8374 


AUGUAG AGAA GCUC ACCAGAGAAAPA Y GTTAPATTTTAPPTTPr«TTa 


GAGC GGCU CUACAU 


8395 


GAAUUA AGAA GGGG APPAGAGAAAPA Y GTlAPATTTTArT'iTrv^TTa 


CCCC UGAC UAAUUC 


8452 


CUAGUC AGAA GCAC ACCAGAGAAACA X GUAPAIITTAPPTTGGTta 


eUGC UGAC GACUAG 


8501 


UCGACA AGAA GCAG ACCAGAGAAACA X GQAPAtnTAPPTTGGrTA 


Q-UuC GGCC UGUCGA 


8505 


CAGCUC AGAA GGCC ACCAGAGAAACA X GUAPAUTTAPPrTGGTTA 


GbCC UGUC GAGCUG 


8639 


GGGGGG AGAA GAGU ACCAGAGAAACA X GUAPAtTTTAPPTTGGTTA 


ALUL UGCC CCCCCC 


8656 


GGUUGG AGAA GGUC ACCAGAGAAAPA Y GIIAPArTTTAPPrTPPTTa 


GACC CGCC CCAACC 


8711 


GUGCGC AGAA GACA APPAGAGAAAPA Y GTIAPAITTTAPnTTrT'TTa 


UGUC GGUC GCGCAC 


8911 


UUUUCA AGAA GUUC ACCAGAGAAACA X GUAPATTTTAPPiTrw^TTA 


tjAAC AGCU UGAAAA 


8935 


CCGUAG AGAA GACA APPAGAGAAAPA Y GTTAPATTTTapnTTnr'TTa 


UGUC AGAU CUACGG 


8980 


UGAAUG AGAA GAGG ACCAGAGAAACA X GUAPAriTTAPPrTnnTTA 


CCUC AGAU CAUUCA 


9082 


CGCAAG AGAA GUAC ACCAGAGAAACA X GUACAUUACCUGGUA 


vjuAC CGCC CUUGCG 


9133 


CCUUGG AGAA GUAG ACCAGAGAAACA X GUACAUUACCUGGUA 


t-UAC UGUC CCAAGG 


9218" 


GGACGC AGM'-'GtllGAif^^ 


' "UCC'C'^GGrc"'G~C!^^ ' 


, . 9229-:. : 


■ . ::^-'^GPGC-: AGA^^ 


"n^iKSC^CMcu^ - 


9243 


CGAACC AGAA - GGAG- AGGAGAGAAACA- -X GUACAUUACCUGGUA 


GUCC AGCU GGUUCG 


9285 


GAGACA AGAA GUGA ACCAGAGAAACA X GUACAUUACCUGGUA 


UCAC AGCC UGUCUC 


9289 


GCACGA AGAA GGCU ACCAGAGAAACA X GUACAUUACCUGGUA 


AGCC UGUC UCGUGC 


9300 


AGCGGG AGAA GGCA ACCAGAGAAACA X GUACAUUACCUGGUA 


UGCC CGAC CCCGCU 


9306 


UAAACC AGAA GGGU ACCAGAGAAACA X GUACAUUACCUGGUA 


ACCC CGCU GGUUUA 


9358 


UUGGGG AGAA GQUA ACCAGAGAAACA X GUACAUUACCUGGUA 


UACC UGCU CCCCAA 



Where "X" represents stem IV region of a HP ribozyme (Berzal-Herranz et al, 1993, 
EMBO.J. 12, 2567). The length of stem IV may be 2 base-pairs. 



247/282 



Table VIII: Additional HCV Conserved Hammerhead ribozyme and target sequence 



Nos. 


Name* 


Pos.* 


Ribozyme 


Substrate 


1 


HCV.C-48 


278 


UUGGUGU GUGAUGAG X CGAA ACGUUaG 


CAAACGU A ACACCAA 


2 


HCV.C-60 


290 


UGUGGGC CUGAUGAG X CGAA ACGGUUG 


CAACCGU C GCCCACA 


3 


HCV.C-17S . 


.405 


AGGUUGU CUGAUGAG X CGAA ACCGCUC 


GAGCGGU C ACAACCU 


4 


HCV. 3-118 


9418 


AAAAAAA CUGAUGAG X CGAA AAAAAAA 


UUUUUUU U UUUUUUU 


5 


HCV. 3-145 


9445 


UAAGAUG CUGAUGAG X CGAA AGCCACC 


GGUGGCU C CAUCUUA 


6 . 


HCV. 3-149 


9449 


GGGCUAA CUGAUGAG X CGAA AUGGAGC 


GCUCCAU C UUAGCCC 


7 


HCV. 3-151 


9451 


UAGGGCU CUGAUGAG X CGAA AGAUGGA 


UCCAUCU U AGCCCUA 


a 


HCV, 3-152 


9452 


CUAGGGC CUGAUGAG X CGAA AAGAUGG 


CCAUCUU A GCCCUAG 


9 


HCV. 3-158 


9458 


CCGUGAC CUGAUGAG X CGAA AGGGCUA 


UAGCCCU A GUCACGG 


10 


HCV. 3-161 


9461 


UAGCCGU CUGAUGAG X CGAA ACUAGGG 


CCCUAGU C ACGGCUA 


11 


HCV. 3 -168 


9468 


UCACAGC CUGAUGAG X CGAA AGCCGUG 


CACGGCU A GCUGUGA 


12 


HCV. 3-181 


9481 


GCUCACG CUGAUGAG X CGAA ACCUUUC 


GAAAGGU C CGUGAGC 



Where "X" represents stem II region of a HH ribozyme (Hertel et al., 1992 Nucleic Acids 
Res. 20: 3252). The length of stem II may be 2 base-pairs. 

Core Reference Sequence for Nos. 1 -3 = HPCCOPR (Acc#L383 1 8) 1 -600 bp 
♦-Nucleotide 231 (8 nucleotide upstream of the initiator ATG) has been designated as 
*' 1" for the purpose of numbering ribozyme sites in the core protein coding region. 

3'-NCR Reference Sequence for Nos. 4-12=085516 (Acc#D85516) 9301-9535 bp 
*- Nucleotide 9301 has been designated as " 1" for the purpose of numbering ribozyme 
sites in the 3 'NCR. 
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CLAIMS 

What we claim is: 

1. An enzymatic nucleic acid molecule which specifically cleaves minus strand RNA derived 
from hepatitis C virus (HCV), wherein the binding arms of said enzymatic nucleic acid 
molecule comprises sequences complementary to any of substrate sequences defined in 
Table X. 

2. An enzymatic nucleic acid molecule which specifically cleaves minus strand RNA derived 
from hepatitis C virus (HCV), wherein said enzymatic nucleic acid molecule comprises 
sequences defined as ribozyme sequences in Table X. 

3. An enzymatic nucleic acid molecule which selectively cleaves RNA derived from HCV, 
wherein said enzymatic nucleic acid molecule is selected from the group consisting of 
inozyme, G-cleaver, DNAzyme, Amberzyme, and Zinzyme motifs. 

4. The enzymatic nucleic acid molecule of claim 3, wherein said enzymatic nucleic acid 
molecule cleaves plus strand RNA derived from HCV. 

5. The enzymatic nucleic acid molecule of claim 3, wherein said enzymatic nucleic acid 
molecule cleaves minus strand RNA derived from HCV. 

..6.^The .enz)OTy;i c^^^ 

acid molecule comprises a steni 11 rejgion of length greater thari or equal to 2 baselpairsr^^ 

7. The enzymatic nucleic acid molecule of claim 1, wherein said enzymatic nucleic acid 
molecule is selected from the group consisting of hammerhead (HH), G-cleaver, Inozyme, 
DNAzyme, Amberzyme, and Zinzyme motifs. 

8. The enzymatic nucleic acid molecule of any of claims 1 and 3, wherein said enzymatic 
nucleic acid comprises between 12 and 100 bases complementary to said RNA derived 
from HCV. 

9. The enzymatic nucleic acid molecule of any of claims 1 and 3, wherein said enzymatic 
nucleic acid comprises between 14 and 24 bases complementary to said RNA derived from 
HCV. 
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10. A pharmaceutical composition comprising the enzymatic nucleic acid molecule of any of 
claims 1 and 3. 

1 1. A mammalian cell including an en2ymatic nucleic acid molecule of any of claims 1 and 3. 

12. The mammalian cell of claim 1 1, wherein said mammalian cell is a human cell. 

13. An expression vector comprising nucleic acid sequence encoding at least one enzymatic 
nucleic acid molecule of claims 1 or 3, in a manner which allows expression of that 
enzymatic nucleic acid molecule. 

14. A mammalian cell including an expression vector of claim 13. 

15. The mammalian cell of claim 14, wherein said mammalian cell is a human cell. 

16. A method for treatment of cirrhosis, liver failure or hepatocellular carcinoma comprising 
the step of administering to a patient the enzymatic nucleic acid molecule of any of claims 
1 and 3 under conditions suitable for said treatment. 

17. A method for treatment of cirrhosis, liver failure and/or hepatocellular carcinoma 
comprising the step of administering to a patient the expression vector of claim 13 under 
conditions suitable for said treatment. 

18". 'A metKod o^f ~tf ea^ a patient" having a conditro'rt'^associ'ated^'with^-HeV'^^^^ 
comprising contacting cells of said patient^th tferiuck^^^^ 

1 and 3, and further comprising the use of one or more drug therapies under conditions 
suitable for said treatment. 

19. A method for inhibiting HCV replication in a mammalian cell comprising the step of 
administering to said cell the enzymatic nucleic acid molecule of any of claims 1 and 3 
under conditions suitable for said inhibition. 

20. A method of cleaving a separate RNA molecule comprising, contacting the enzymatic 
nucleic acid molecule of any of claims 1 and 3 with said separate RNA molecule under 
conditions suitable for the cleavage of said separate RNA molecule. 
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21. The method of elaim 20, wherein said cleavage is carried out in the presence of a divalent 
cation. 

22. The method of claim 21, wherein said divalent cation is Mg^"^. 

23. The nucleic acid molecule of claims 1 or 3, wherein said nucleic acid is chemically 
5 synthesized. 

24. The expression vector of claim 13, wherein said vector comprises: 

a. a transcription initiation region; 

b. a transcription termination region; 

c. a nucleic acid sequence encoding at least one said nucleic acid molecule; and 

10 wherein said sequence is operably linked to said initiation region and said termination 

region, in a manner which allows expression and/or delivery of said nucleic acid molecule. 

25. The expression vector of claim 13, wherein said vector comprises: 

a. a transcription initiation region; 
a transGription-termination region; - . 




15 c. an open reading frame; 

d. a nucleic acid sequence encoding at least one said nucleic acid molecule, wherein 
said sequence is operably linked to the 3 -end of said open reading frame; and 

wherein said sequence is operably linked to said initiation region, said open reading frame 
and said termination region, in a manner which allows expression and/or delivery of said 
20 nucleic acid molecule. 

26. The expression vector of claim 13, wherein said vector comprises: 

a. a transcription initiation region; 
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b. a transcription termination region; 

c. anintron; 

d. a nucleic acid sequence encoding at least one said nucleic acid molecule; and 

wherein said sequence is operably linked to said initiation region, said intron and said 
5 termination region, in a manner which allows expression and/or delivery of said nucleic 

acid molecule. 

27. The expression vector of claim 1 3, wherein said vector comprises: 

a. a transcription initiation region; 

b. a transcription termination region; 
10 c. anintron; 

d. an open reading frame; 

e. a nucleic acid sequence encoding at least one said nucleic acid molecule, wherein 
said sequence is operably linked to the 3*-end of said open reading frame; and 

^v/herein-said-sequence- is operably linked to. said -initiation.region,~said-intron, said~open---^_-^ 

:^:5 • "reading frame and said tenmn^on regipn,'^:a^aimerS^ 
delivery of said nucleic acid molecule. 

28. The enzymatic nucleic acid molecule of claims 1 or 3, v^herein said enzymatic nucleic acid 
comprises at least one 2 '-sugar modification. 

29. The enzymatic nucleic acid molecule of claims 1 or 3, wherein said enzymatic nucleic acid 
20 comprises at least one nucleic acid base modification. 

30. .The enzymatic nucleic acid molecule of claims 1 or 3, wherein said enzymatic nucleic acid 
comprises at least one phosphate modification. 

31. The method of claim 18, wherein said drug therapies is type I interferon. 
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32. The method of claim 31, wherein said type I interferon and the en2ymatic nucleic acid 
molecule are administered simultaneously. 

33. The method of claim 31, wherein said type I interferon and enzymatic nucleic acid 
molecule are administered separately. 

34. The method of claim 31, wherein said type I interferon is interferon alpha. 

35. The method of claim 31, wherein said type I interferon is interferon beta. 

36. The method of claim 31, wherein said type I interferon is interferon gamma. 

37. The method of claim 31, wherein said type I interferon is consensus interferon. 
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Abstract of the Disclosure 



Enzymatic nucleic acid molecules which modulate the expression and/or replication of 
hepatitis C virus (HCV). 
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Figure 1: Ribozyme Motifs 
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Figure 6 A. Inhibition of HCV-Polio Virus Using Ribozym. 
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Figure 6B. No inhibition of Wild Type Polio Virus 
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Figure 8. Inhibition of HCV-Polio Virus Using Ribozymes of 
varying lengths 
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Figure 10: Synergistic effect of HCV Ribozyme and Interferon 
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